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ABSTRACT

The M neral s Managenent Service's open-ocean, oil-weathering
model has been extenS|vek¥ nodi fied and adapted for use on a
personal conputer. The nodifications include the use of variable
wind speed as a function of tine as an environnmental paraneter
The assunptions, governing equations, and algorithns are discussed
to illustrate which oil-weathering processes are wind and/or
tenmperature dependent.  Wnd-speed information and sea-surface
tenperatures for regions in the Guf of Mexico are provided so that
the nodified nodel can be used inmmediately. A selection of crude
oi s and petrol eum products produced in and shi pped through the
Qul f of Mexico region are(PrOV|ded as exanples of information
required for nodel use. A discussion of crude oil and petrol eum
product information sources is also presented. Detailed user’s
Instructions on the use of the nodel, exanples denonstrating the
use of the nodel, and program |istings are provided here.
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| NTRODUCTI ON

The Minerals Management Service’s (MMS) Open-ocean oil-
weat hering nodel (Payne et al. 1984) has been extensively nodified
and adapted for use on a personal conputer. The nodifications
i nclude the use of variable-wind speed as an independent variable,
the conversion of petroleum sub-atnospheric distillation
characterization tenperatures to one atnosphere_and the conversion
of saybolt Seconds viscosity to centipoise. These nodifications
make the nodel easier to use and alleviate the user from some of
the nore cunmbersone input-data preparation details. This nmodel can
now be used inmrediately with readily available software and is
presented with a library of crudes, Tefined product inspections,
and w nd-speed scenarios pertinent to the Qulf of Mexico. th
information required to used this nmobdel, create other w nd-speed
scenari os and obtain other crude oil or refined product inspections
Is contained in this report. The user can run this nodel as a
prediction tool imrediately.  To use this nodel immediately,
proceed to the User’s Instructions. . .

The Mneral s Managenent Service' s open-ocean oil-weathering
model was originally published as a mainframe conputer nodel in
1984 (Payne et al. 1984). The intended use of this nodel is to
predict the material balance of spilled oil remaining on the ocean
surface, and to that extent the nodel does provide a prediction of
the mass and conposition of the oil remaining in the slick as a
function of tinme. The technical approach used to wite the node
is the utilization of petroleumindustry crude oil and refined
product inspections and physical proPertles along W th known oil-
weat hering  processes. The availability of” 1ndustry-based
i nspections is so vast (Ralund 1983, Ol & Gas Journal 1973, U.S.
Department of Energy (U S. DOE) 1987, Bland and Davi dson 1967,
Gruse and Stevens 1960, Nelson 1969, and Kurtz 1965) that even
today the conplete utilization of this information for the gurPose
of oil-weathering predictions has not occurred. Any attenpt to
derive an oil-weathering nodel which does not utilize these
avai |l abl e data will have to develop an entlrelg new dat abase, and
considering the diversity of crudes (The Lanp 1984), this is
| npossi bl e. The naterial-balance algorithns use these available
i nspections and physical properties along with environnentally
determ ned paraneters to predict the rate at which mass |eaves the
slick. These environnentally determ ned paraneters are the nass
transfer coefficient for evaporation and a coefficient for the rﬁ%e
of dispersion of oil fromthe slick into the mater(folunn. e
environnental parameters of Inportance are wn speed and
tenperature. In the original nodel presented in 1984 both the w nd
speed and tenperature are fixed. _ . . .

It is generally known that an increase in the wind speed w|]
result in an increase in the rate at which a substance wl|
evaporate (Liss and Slater 1974). For the situation where oil is
evaporating froma flat surface, €xperi mental |y derived information
predicts an increase in the evaporation rate by a factor of 1.7 for
a doubling of the wind speed (Mackay and matsugu 1973). Al so, the
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coefficient which determnes the rate at which oil is dispersed as
droplets into the water colum depends on the square of the w nd
speed (Mackay et al. 1980). Since the weathering of oil in the
envi ronment occurs over a period of a few days, a constant w nd
speed for the duration of the weathering is not realistic. Da|I¥
variations in wnd speed are normal occurrences, and the passage o
weat her fronts are associated with changes in wnd speed. Thus, in
order to predict the nmaterial balance of an oil spill, variations
in wind speed are justified as nodel input. _ _

The use of variable wind speeds in the oil-weathering
prediction is based on the use of a w nd-speed table. The nodified
nmodel uses a specified wind speed for a specified tinme (or
duration). The w nd-speed tables used here are derived from hourly
buoy data fromthe Qulf of Mexico (Brown 1991) . Wnd data fromthe
Navy’'s collection of tw ce-daily one-degree grided wind conponents
forthe Gul f of Mexico (Rnhodés et al. 1989) were eval uat ed.
However, these twice-daily wind speeds are not recommended_for use
because these data are too coarse in the time grid.  The sea-
surface tenperatures used, and hence the oil tenperature, are
obtai ned from nonthly conpilations of these tenperatures_for the
Qul f of Mexico (Robinson 1973, Ford et al. 1988). The oil-
weat hering tenperature in the mvs nodel does not vary because the
sea-surface tenperatures do not appear to change significantly over
the period of a few days. _ . .

Crude-oil characterizations pertinent to the Qulf of Mexico
are obtained primarily fromthe U.S.  Departnent of Energ%’s ( DOE)
Crude G| Data Bank (U.S. DOE 1987) in Bartlesville, Ckl ahoma, and
cooperating industrial sources. The DOE Data Bank is extensive and
contains over 9,000 crude oil inspections worldw de, both onshore
and offshore. Refined petroleum products which are shipped through
the Gulf are also discussed here and estimates of their physical
properties pertinent for oil-weathering predictions are given

The software codes devel oped to inplement variable wnd speed
for oil-weathering predictions are all witten in Basic and w||
run on any personal conputer. The only special case is the oil-
weat hering routine which should be run as a conpiled and |inked
file. Source listings for the oil-weathering codes and utilities
to create wnd-speed files are presented in the Appendices.




ASSUMPTI ONS, GOVERNI NG EQUATI ONS, AND ALGORI THVS

The material balance derived for an oil spill is based on two
weat hering | oss processes: evaporation and dispersion. Evaporation
I's an oil-species dependent process where the tenperature-dependent
vapor pressure of the species is the driving force for mass
transfer. The dispersion process is the dispersing of oil drops

into the water colunn_by mechani cal neans. Di ssol ution is not
included in the material |oss processes because this process is
considered to be relatively smll. The inportant physi cal

roperties of weathered oil are conposition, density and viscosity.
iscosity is of major interest because of its tremendous increase
as a water-in-oil emulsion is formed. The water-in-oil enulsion
does not always form and recent investigations have identified key
conmponents which nust be present in the oil for enulsion formation
(Bridie et al. 1980). The discussion that follows presents the
techni cal approach used to derive the m4s open-ocean 0|I-mpather|n8
model and how this nodel is coupled to the environnental w nd spee
and tenperature. . o _ . _
. Predicting the quantity of oil in a spill or for any situation
involving mass transfer requires that a total material balance
apProach e used. It is not possible to derive a total materia
bal ance for crude oil by using a specific-conmponent approach. |f
the technical approach is based on specific conponents it wll
beconme apparent that all the conpounds in the oil wll never be
identified (Elliott and Melchior 1982), thus precluding an
accounting for the entire mass of oil. Also, it is not possible to
choose a single conponent on which to base bulk properties because
singl e conmponent properties are somewhat erratic (Watson et al.
1935). No predictive equations based on specific conponents have
been devel oped where the purpose was the prediction of a material
bal ance for a total mass of oil. _ _

The question then is raised as to how to characterize oil so

that material balance gredictlons.can be nade. The petrol eum
industry refers to the bulk properties of oil as characterization
paraneters. The characterization of an oil nust be done with

respect to a specific prediction objective. For exanple, when the
prediction objective is a process that involves vapor-|iquid nass
transfer such as evaporation or distillation, the characterization
parameters are partial pressures and vapor pressures. A so, when
the prediction objective is the performance of a catalytic reformer
in a refinery where naphthas are converted to. aromatics the
characteristics required on the refornmer feedstock are the
conposition in terms of hydrocarbon types identified as paraffins,
olefins, paphthas and aromatics, and this characterization is
referred to as a POVA. Kinetic equations in the form of
differential equations use the PONA as the starting point and
integration yields the final conposition at the exit of the
process.  Both of these exanples illustrate a pseudo-conponent
model which is also referred to as a | unped nodel . o .
Wien the prediction objective is the mass of oil remaining in
a slick as a function of time as evaporation proceeds, "the
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characterization nust be with respect to vapor pressure, A tota

mat eri al bal ance utilizes the vapor pressures of the pseudo-
conmponents and environnental parameters to predict the |oss of th

and, therefore, the mass of oil remaining in the slick. e
di scussion that follows describes the technical approach used for
characterizing crude oils and petroleum products with respect to
vapor pressure and how these characterizations are used in the
pertinent mass transfer equations. . .

The petrol eumindustry standard inspections on a crude oil
include a distillation at one atmsphere, the density and viscosity
of the distillate fractions. The distillation data come from
either an American Society for Test and Materials D-86 distillation
%AEH\AIQQOa ) Oor a true poiling point (TBP ) distillation ( Smth

963, ASTM 1990 b). Each of thésé distil|ati'ons can be conducted at
reduced pressure to obtain information on the less volatile
fractions of the oil. Each distillation is conducted in sucq a
manner that distilled fractions are col]ected S?Par }elﬁ. he
total nunber of fractions, or “cuts” as they are usually denoted
is usually five to seven, but can be as high as 20. Characteristic
data for "each distilled fraction i nclude the tenperatKEFs at tpe
begi nning and end of the fraction collection, 'the gravity
(Hougen et al. 1965) and the viscosity.

Distillations conducted at reduced pressures are frequently
publ i shed such as those bY the U S. Departnent of Energy (U S. DCE
1987). The distillation tenperatures reported at reduced pressure
must be corrected to one atnosphere totaItPressyre before oil-
characterization cal cul ations can proceed. The npSt common reduced
pressure used in distillation characterizat{on§ s 40 ni{llpEEers
of nercury. The procedure to Correc hese "di'stillatron

tenperatures can be obtained fromthe open literature in graphica
form (APl 1970). The correction procedure can be rederived In th
formof a quadratic equation for conputerized calculations. 0
the relevant case of correcting 40-nn1kﬁ bPiIin tenperatures.t
eqU|gaIentdone at mosphere tenperatures tfie follow ng approximatio
can be used:

BP,, = 142.69 + 1.1077 Bp, + 0.0000519 BRZ (1)

e
I
0
n

where Bp, i S the boiling point in degrees Fahrenheit (4F) at 40-mm

Hg and BP,, i S the boiling Point at on®atnosphere ‘n

G ven the average boiling point and APl gravity for each cut
fromthe distillation data, the average nol ecul ar meig?he 8Fibiﬁ3|
tenﬁeyature and critical pressure can be obtained.
tec_néﬁue for using ﬁheldlﬁtlllaalon data(}q ﬁind t hese dependent
vari ables was to si ook up the required infornat on r
(Hougen et al. 19?15),Ywat5_09 F.)et a1 1935, ) * Thi's Ora\_ ¢ AR
information which is in graphical formwas fitted to a famly of
pi ecewi se quadratics for conputeﬁlzed Q{edlctlon gpr??§es and tqen
used in the S open-ocean OIl-weathering nod Payne et al.
1984).  Note that from the mass and nol ecular weight the cut
concentration in ternms of nole fraction can be cal cul ated. €

pr S P SN - -

——. T m e Y\
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vapor pressure of the cut can then be calculated in a sinmlar
manner (Gamson and Watson 1944).

The mass transfer equation which describes the pseudo-
conmponent evaporation of oil is:

dM, .
where it is assuned that the oil in the slick is well m xed and

Raoult’s |l aw applies as the mxing rule for partial pressures
(Smth and Van Ness 1959), u; is the nunber of noles of pseudo-
component i in the oil slick, Pi° is the vapor pressure in
at mospheres at the prevailing environment tenperature, Ais the
area for nmass transfer and 1s the area of the slick in square
meters, k is the mass transfer coefficient based on a parti al
pressure driving force in units of noles per hour_Per square neter
per atnosphere, and xi is the nole fraction. he differentia
equations for all pseudo-conponents are coupled through the nole
fraction term where the total nunber of noles appears in the
denom nator of the nole fraction expression. _

The over-all mass-transfer coefficient for the i-th pseudo-
conponent is calculated according to (Mackay and Matsugu 1973):
k = 0.0282 U078 x0-21507°:67 (3)

where U is the wind speed in nmeters per hour, X is the slick
dianeter in meters (assumes circular shape) and Sc,is the Schm dt
nunber.  The Schm dt nunber is taken to be 2.7 (unitless) for all
pseudo-conponent speci es; however note that the Schmdt nunber is
the bul k-phase kinematic viscosity (the air) divided by the pseudo-
cogBonent diffusivity in air (Bennett and Myers 1962). The Schmi dt
nunber dependence on the species and the tenperature is not taken
i nto account because these variations are quite small relative to
other effects. This expression for k,is derived from a
correlation of data and is the correct mass transfer coefficient to
multiply by the partial Pressure to obtain the nole rate of
evaporation. Inplicit in the evaporation rate equation for the i-
th pseudo-conponent is the assunption that its partial pressure in
the atmosphere is zero. It can then be seen that the mass transfer
coefficient above takes into account through the X term an

averaging effect of the partial pressure driving force whereby the
evaporation rate on the downw nd portion of the slick is |ower due
to the evaporation fromthe upwi nd portion. _ _
The area for mass transfer in the evaporation rate equation is
calculated fromthe rate at which oil spreads on the water surface.
Consi derabl e research has been devoted to the spreading of oil on
water; however, many of the resulting nodels are stil|l considered
i nappropri at e. Thé spreadi ng nodel™ used here is due to Mackay
(Mackay et al. 1980) and is based on a correlation of observations:



_g_% = Kazl.33A0.33 (4)

where A is the area of the slick in square neters, Z is the slick
thickness in nmeters and Kk, is a constant equal to 5.4x10 .

~ The viscosity of the oil or petroleum product on a water-free
basis is a property which appears in o%her oi | -weat heri ng
al gorithms and also i's a physical property of general interest.
The viscosity of weathered oil can be cal cul ated according to

(Mackay et al. 1982):
p'o = “oe wow (5)

*

where p,is the viscosity of the oil on a water-free basis, p. is
the viscosity of the unweathered oii, k, is_an oi | - dependent
constant usually aﬁprOX|nater equal to 10.5, and F is the
fraction of oil weathered. Note that the fraction of oil Weathered
I's based only on the fraction evaporated (and di ssol ved) and nust
not include the fraction oil lost fromthe slick by mechani cal

means.
The viscosity units reported in the open literature for oil

are nunerous and i'nclude saybelt Universal Seconds, Redwood No. 1,

Saybolt Furol, Redwood No. 2, Engler Degrees and centipoise. The
viscosity units used in oil-weathering calculations are centipoise
which requires that the other units nust be converted. e of the
nost common units in addition to centipoise is saybolt Universal

Seconds, sonetimes denoted as sus, and these units are sonetimes
reported by the U S. Departnent of Energy (U.S. DCE 1987). 1In
order to utilize the information reported by DOE the conversion of
Saybolt Seconds to the kinematic viscosity can be cal cul ated
according to (Holman and Gajda 1978):

v =92.903[0.00237 ¢ - 1':31 (6)

where v is the kinematic viscosity in units of square centinmeters
per second and t is Saybolt Seconds. In order to.obtain absol ute
viscosity the above nust be nultiplied by the oil density which can

be calculated fromthe APl gravity (Hougen et al. 1965). _
The bulk viscosity of the water-free oil can be scaled with
respect to tenperature according to the Andrada equation (Gold and

Qgl e 1969):

et A dmcses
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mi] <2374 g

where p, and p, are the viscosities at tenperatures T, and T, and
B is an oil-dependent constant approximtely equal to 9,000 when
the tenperature units are degrees Kelvin.

The prediction of the water-in-oil emlsion formation,
sometinmes referred to as. “nousse”, is inportant in oil weathering
mat erial bal ances because of the bul k viscosity increase due to the
incorporation of water into the oil. The water—in—oil

enul sification algorithmis based on three parameters which appear
in the follow ng equation due to Mackay (Mackay et al. 1980):
-2.5W
K, t

et (1-KW o l-xM (8)

where Wis the weight fraction water in the oil-water m xture,

s a constant in the oil-water viscosity equation due to Money
(Mooney 1951), K,is a coal escing-tendency constant and K/is a
l'unped wat er-incorporation rate constant. The oil-water viscosity

equation due to Mooney is:
-2.5W
4 - l"‘oell-x.l (9)

where p. is the parent water-free oil viscosity, K,is usually
around " 0.62 to 0.65 and apparently does not change puch wth
respect to different oils. he constant &; nust be Such that KW

Is less than unity in order for the water incorporation rate ferm
to be greater than zero, Thus, K,is the inverSe of the naxinum
wei ght “fraction water in the enulsion mxture, ‘and is oil and
petrol eum product dependent as described in the open literature
(Bridie et al. 1980). K; is the water incorporation rate constant
and is a function of the wind speed as indicated:

K, = 0.036 W} (o)

where the wind speed w, is in knots.

The dispersion of oil droplets from {he ﬁl ick into the water
fcolllurm i S described by two equations Mackay et al. 1980) as
ol | ows:

F=Ki(1+ U2 (11)

1
Fg = (1 + Kp2dy)™? (12)

where F is the fraction of the sea surface Subject to dispersions
per second, Uis the wind speed in neters per second and Xy is a
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constant equal to 0.108. F, is the fraction of oil droplets bel ow
a critical size which does not return to the slick, g is a
constant equal to 50, m is the viscosity of the bulk” oil-water
mxture in centipoise, x is the slick thickness in meters and 6 is
the oil-water surface tension in dynes per centineter. The nass
fraction of oil that |eaves the slick as dispersed droplets is
F,*F, and this fraction is applied to each pseudo-component. Note
that' the two mass transfer mechanisms for oil 1oss froma slick are
not the sane with respect to how these nmechani sns affect each
pseudo- conponent . Evaporation is species dependent; the nore
vol atile conponents |eave the slick quickly relative to the others.

However, dispersion in ternms of the mass fraction of oil that
| eaves the slick is applied to each conponent and is not species

dependent . _ o
- The material balance for the mass of pseudo-conmponent i in the
slick is now calculated according to
1%%; = Evaporation |oss + Dispersion loss (13)

The solution of the set of coupled ordinary differential equations
is acconplished wWith a variable-step fourth-order Rungs-Kutta
nunerical integration algorithm (Geenspan 1971). The stepsize is
based on the fastest noving derivative, and for the case where a
pseudo-conponent is so volatile that it will evaporate in |ess than
one hour it is deleted fromthe equation set.

-



ENVI RONVENTAL PARAMETERS FOR THE GULF OF MEXI CO

The two input environnental parameters required for the MVS
open-ocean oil-weathering nodel are wind speed and tenperature.
The sources of information available for the wind speed as a
function of time are Rhodes (Rhodes et al. 1989), and Brown (Brown
1991). The information presented by Rhodes is referred to as the
Navy corrected geostrophic winds for the Gulf of Mexico. These
data are in the formof twi ce-daily one-degree grided w nd
components (Marshall 1991). The fact that these wind data are on
a 12-hour tine grid and show large tenporal variations for both
winter and summer nonths neans that these data are too coarse in
time to be used as input for an oil-weathering calculation. oil-
weat hering changes occur in tine frames much |ess than 12 hours.

The wi nd data provided by Brown (Brown 1991) are hourly w nd
speeds fromtwo buoys in the Gulf of Mexico located at 27.9°N, 95°W
(station identification 42019, *LaNelle") and 27°N, 96.5°W (station
identification 42020, “Eileen”). These data are acceptable as
i nput for oil-weathering cal cul ati ons because oil changes which
occur in less than one hour are generally not observed.
Il'lustrations of the use of these hourly wi nd speeds are presented
in the User's Instructions. _

~Sea surface tenperatures for the Gulf of Mexico can be
obtained from two sources (Robinson 1973, and Ford et al. 1988).
A cursory exanm nation of these sources for the |ocations of
stations 42019 and 42020 identified in the preceding paragraph
shows that the nonthly tenperatures generally differ by |less than
1 . The sea surface tenperature for these two |locations is
presented in Table 1 for use with the correspondi ng wi nd-speed data
from Brown (Brown 1991).
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Tabl e 1.

Appr oxi mat e Mont hly
Stations 42019 (27.9°N, 95°W
the @Gulf of Mexico (Robinson 1973)

Sea Surface Te

eratures for

Buoy

and 42020 (27°N, 96.5%) in

Month ‘C ‘F
January 19 66. 2
February 17% 63.5
Mar ch 20 68. 0
April 21 69. 8
May 25 77.0
June 27 80. 6
July 28 82. 4
August 29 84. 2
Sept enber 28% 83.3
Cct ober 27 80. 6
Novemnber 24% 76.1
Decenber 21 69. 8

N
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SELECTION OF CRUDE QA LS

The availability of industry-based crude oil inspections is so
vast (aalund 1983, Q| & Gas Journal 1973, U S part ment of
Energy (U . S. DOE) 1987, Bland and Davidson 1967, Gruse and Stevens

1960, ~ Nelson 1969, and Kurtz 1965) that even today the conplete
utilization of this information for oil-weathering predictions has
not occurred. It nmust be enphasized though that these industry-

based inspections only provide physical properties; no infornation
IS provided on oil-weathering kinetic constants or other pertinent
paraneters such as the weight fraction water expected in a water-
in-oil emulsion. Information such as this nust be derived from
real-%plll observations or |aboratory results. .

he selection of crude oils and petrol eum products pertinent
to the Gulf of Mexico was acconplished using the U S. Departnent of
Energy Data Bank gU.S. DOE 1987) and industrial sources (Adanms
1991, " and Rainey 1991). The U.S. DOE Data Bank is a computer-
accessi ble compilation of over 9,000 crude oil assays worl dw de,
both onshore and of fshore. There are two physical properties which
are very inportant with respect to oil-weathering predictions, The
first of these is the volune percent Paspllne pl us naphtha which is
an indication of how nuch of the spill wll evaporate rapidly; this
fraction has a relatively_high vapor pressure and as a result it
will evaporate quickly. “The other property is the volunme percent
resi duum Resi duum does not evaporate and is the renmaining
fraction from crude oil after distilling off all the heaviest
conponents . Also, the presence of residuumin greater than a few
volune percent is an indicator that the slick will forma water-in-
oil emulsion (Bridie et al. 1980). .

The initial selection of crude oils for the Gulf of Mexico was
made froma retrieval of 61 crudes fromthe U S. DOCE Data Bank and
are presented in Tables 2a and 2b. Fromthese crudes three vwere
selected along with two fromindustrial sources. These five crudes
are presented in Table 3 along with the identification of the disk
file that contains the physical prqgertY informatjon that is read
by the oil-weathering nodel . The oils fromthe U S DCE are
identified as Sugar Creek Field, an_exanple of &n extremely |ight
crude with no residuum Chandeleur Sound Field Block 25, a crude
with very little gasoline plus naphtha and 33_V?JUHE er cent
residuum = and Main Pass Block 290, a crude with very little

asol i ne plus naphtha and 42.7 volume percent residuum” These
hree crudes represent_the extrenes of Mhat ﬁan be expected in the
Qul f Coast region. The inspections for ese three crudes are
resented in Tables. 4a, 4b and 4crespectively.
P The inspections, rece?ve_d forpt_he Hlyg[h Is(lan,d Gfshoge
Conposite do not include distillation data Rai ney 1991
Therefore a search of the U S. Department of Energy Data Bank uas
made for a simlar crude Qfsed on ihe ava|lablg én§%§9&50ns. Tne
mat ching 1nspections used are AP gravity 3 ), volune
Eercent gasol i ne flus naqhtha 25 to 309 and volume percent
erosine (17 to 21%). he mat ching crude selected for this
conposite is presented Table 5.
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The inspections received for the G bson Term na

(Adans 1991 ) are extrenely detailed and the
properties were extracted and are presented in

ertinent
abl e 6.

Conposite
physi cal



Tabl e 2a.

Retrieval of Louisiana Ofshore Crudes fro
Department of Energy Data Bank (U. S. DCE 1987

properties tabulated are AP ?ravity,
su

residuum and wei ght percent

DATAFI LE: CRUDEBANK
11-0CT-91/18:55
SEARCHKEY VALUE/RANGE

LOC  LOU SI ANA
LOC 17.00

CNTY 900

SORTED BY CNTY

RANGE OF VALUES: 900 900

NUMBER OF ANALYSES: 61

SAVPLE FI ELD APl G
B54091 EUGENE | SLAND, BLK 126 36. 2
B60025 SH P SHOAL, BLK 154 29.1
B60048 GRAND | SLE; BLK 16 36. 4
B61021 D»ELTA,Ww BLK 30 27.0
B61022 ©DELTA,Ww BLK 53 32.3
B61023 ©p»ELTA,Ww BLK 83 35.0
B61109 EUGENE |SLAND, BLK 32 39.4
B61110 EUGENE |SLAND, BLK 32 39.2
B61111 EUGENE |SLAND, BLK 32 38.2
B61112 EUGENE |SLAND, BLK 32 46. 9
B61113 EUGENE | SLAND, BLK 32 35.8
B61114 EUGENE |SLAND , BLK 32 36.8
B61115 EUGENE |SLAND, BLK 32 36.0
B61116 EUGENE |ISLAND, BLK 32 35.2
B61129 EUGENE |SLAND, BLK 188 27.1
B64044 EUGENE |SLAND, BLK 18 39.2
B64045 EUGENE |SLAND, BLK 18 40.9
B64047 EUGENE |SLAND, BLK 128 43. 6
B64048 EUGENE |SLAND, BLK 128 41.5
B64062 TIMBALIER,S, BLK 131 35.8
B68087 SH P SHOAL, (BLOCK 176 38.2
B68088 SH P SHOAL, (BLOCK 176 36.8
B68089 SH P SHOAL, (BLOCK 176 37.2
B68110 TIMBALIER, S H (BLOCK 176 37.2
B68112 TIMBALIER, SOUTH (BLOCK 135 29.1
B68113 EUGENE | SLAND (BLOCK 238) 37.8
B68144 CAMERON, EAST (BLOCK 64) 35.8
B68146 MARSH | SLAND, SOUTH (BLOCK 23) 34.6

m
)

fur in crude. )

13

he U.S.
Physi cal
vol une percent
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Tabl e 2a.

SAMVPLE

B68147
B68158
B68159
B68166
B68167
B68168
B69059
B69060
B69061
B70049
B70050
B70051
B70052
B70053
B70054
B70055
B70056
B70057
B70058
B70059
B70060
B71058
B71059
B71062
B77057
B77067
B77068
B77070
B77071
B77073
B77074
B79026
B79025

Note: When the sanme field id

Retrieval of Louisiana Ofshore Crudes fro
Departnent of Energy Data Bank (U S. DOE 1987

properties tabulated are APl gravity,

resi duum and weight percent

(continued, )

FI ELD

SH P SHOAL (BLOCK 107)

MARSH | SLAND, SOUTH ( BLOCK 73;
MARSH | SLAND, SOUTH (BLOCK 73
EUGENE | SLAND (BLOCK 100
CAMERON, WEST (BLOCK 192
CAMERON, WEST (BLOCK 192
EUGENE | SLAND (BLOCK 276
DELTA, WEST (BLOCK 117)

DELTA, WEST (BLOCK 117)
MARSH 1s1aND,Ss BLK 6
TIMBALIER,S BLK 54

DELTA,W BLK 133

DELTA,W BLK 105

pAsSsS,S BLK 62

DELTA,W BLK 105

PASS,S BLK 62

DELTA,W BLK 133

DELTA,W BLK 133

GRAND | SLE BLK 41

DELTA,W BLK 41

GRAND | SLE BLK 43

SOUTH PASS (BLOCK 24

SOUTH PASS (BLOCK 27

DELTA, WEST (BLOCK 30)

SM 73

GRAND | SLE (BLOCK 43)

DELTA, WEST (BLOCK 58)

DELTA,W ] BLK 152

MAI N PASS (BLOCK 290)

MARSH | SLAND, SOUTH ( BLOCK 130B)
MARSH | SLAND, SOUTH ( BLOCK 130A)

DELTA, WEST &BLK. 84L
CHANDELEUR SOUND (BLK. 25)

m
)

the U S
(Physi ca

vol ume percent

for some entries, it means that there are different
depths invol ved.

sulfur in ‘crude. )
APIG RESD  SULF
35.8 9.1 0.12
33.6 21.0 (20
38.8 14.1  0.15
39.6 11.7  0.08
38.4 7.9  0.07
37.8 8.2 0.08
35,0 27.6 0.53
36.4 19.4 0.24
35.2 22.0 0.27
3.5 24.9 0.13
3.6 22.2 0.21
35.4 1103 0.37
34.6 24.3 0.37
35.8 27.5 0.27
31.5  24.2 0.26
35.8 25.0 0.22
33.8 24.0 0.50
40.9 10.3 0.26
3.8 27.5 0.24
34.2 25.3 0.19
32.5  22.2 0.40
28.6 32.6 0.31
30,0 26.3 0.29
25.7 31.3 0.44
30,8 28.3 0.40
28.9 30.0 0.34
41.3 12.6 0.20
3.3 20.6  0.37
21.5 42,7 0.31
30,0 30.2 0.64
3.2 23.5 0.57
36.4 22,9 0.34
26.6 33.2 0.29

entification and Bl ock nunber appear

produci ng
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Retrieval of Louisiana Ofshore Crudes fromthe U S
Depart nent  of Energy Data Bank (U.S. DCE 1987) (Physical

properties tabul at e
residuum, Wei ght

are weight Dercent
percent sulfur in resi

percent gasoline pIus naphtha. )

DATAFI LE:  CRUDEBANK
11-0CT-91/19:31
SEARCHKEY VALUE/RANGE

LOC  LOU SI ANA
LOC 17.00

CNTY 900

SORTED BY CNTY
RANGE OF VALUES: 900

NUMBER OF ANALYSES: 61

SAMPLE

B54091
B60025

B60048

B61021

B61022

B61023

B61109

B61110
B61111
B61112
B61113
B61114
B61115
B61116
B61129
B64044

B64045

B64047
B64048
B64062

B68087
B68088
B68089
B68110
B68112
B68113
B68144
B68146
B68147
B68158

FI EL

EUGENE | SLAND, BLK 126
SH P SHOAL, BLK 154
GRAND | SLE, BLK 16
DELTA,W BLK 30

DELTA,W BLK 53

DELTA,W BLK 83

EUGENE | SLAND, BLK 32
EUGENE | S LAND, BLK 32
EUGENE | S LAND, BLK 32
EUGENE | SLAND, BLK 32
EUGENE | SLAND, BLK 32
EUGENE | SLAND, BLK 32
EUGENE | SLAND, BLK 32
EUGENE |S LAND, BLK 32
EUGENE | SLAND, BLK 188
EUGENE | SLAND, BLK 18
EUGENE |SLAND, BLK 18
EUGENE | SLAND, BLK 128
EUGENE | SLAND, BLK 128
TIMBALIER,S, BLK 13.1

su1p SHOAL, (BLOCK 176)

SH P SHOAL, LOCK 176

SH P SHOAL, ﬁ(ﬁl( 176
TIMBALIER, S

CAMERON, EAST
MARSH | SLAND,
SH P SHOAL (BLOCK 107)

MARSH | SLAND, SOUTH (BLOCK 73)

H ( BLOCK 1763
TI MBALI ER, SOUTH ( BLOCK 135
EUGENE | SLAND (BLOCK 238)
BLOCK 64)
QUTH (BLOCK 23)

900 .

carbon residue of

duum and vol une

CRR

P RARNPNOONNNRRREO ROOOORWHREOOUIWRN
WODWOWUT~NDUI~NR Ul OOUT~I~W N ~~~©~ U1

SRES

ORFRN~oOORPOUIWRARNNRNUIRPONINO0OOROOORFOUIO NS
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Table 2b. Retrieval of Louisiana O fshore Crudes fromthe U S
Department of Energy Data Bank (U S. DOE 1987) (Physica
properties tabul ated are wei ght percent carbon residue of
resi duum wei ght percent sulfur in residuum and vol une
percent gasoline plus naphtha. ) (continued)

SAMPLE FI EL CRR SRES GSNP
B68159 MARSH | SLAND, SOUTH (BLOCK 73) 3.9 31.9
B68166 EUGENE | SLAND (BLOCK 100 6.8 23. 7
B68167 CAMERON, WEST (BLOCK 192 1.5 13.8
B68168 CAMERON, WEST (BLOCK 192 1.5 11.7
B69059 EUGENE | SLAND (BLOCK 276 6.6 26.1
B69060 DELTA, WEST (BLOCK 117) 6.9 26.9
B69061 DELTA, WEST (BLOCK 117) 6.3 23.6
B70049 MARSH 1s1aND,S BLK 6 2.2 13.4
B70050 TIMBALIER,S BLK 54 2.0 18. 8
B70051 DELTA,w BLK 133 8.5 22.5
B70052 peLTA,w BLK 105 3.0 19.0
B70053 PASS,S BLK 62 8.6 34.1
B70054 DpeELTa,w BLK 105 3.8 10.6
B70055 »pass,s BLK 62 9.1 32.1
B70056 DELTA,Ww BLK 133 10.0 20. 8
B70057 DELTA,Ww BLK 133 7.8 40. 1
B70058 GRAND | SLE BLK 41 6.3 17.9
B70059 DELTA,W BLK 41 4.7 20.5
B70060 GRAND | SLE BLK 43 9.7 17.1
B71058 SOUTH PASS (BLOCK 24 4.9 11.8
B71059 SOUTH PASS (BLOCK 27 4.9 16. 2
B71062 DELTA, WEST (BLOCK 30) 7.4 9.1
B77057 SM 73 3.3 0. 89 14. 3
B77067 GRAND | SLE (BLOCK 43) 9.0 0.71 12. 8
B77068 DELTA, WEST (BLOCK 58) 4.9 0.80 38.6
B77070 DELTA,w | BLK 152 11.8
B77071 MAIN PASS (BLOCK 290) 12. 8 0.52 2.6
B77073 MARSH | SLAND, SOUTH ( BLOCK 130B) 6.8 1.30 26.1
B77074 MARSH | SLAND, SOUTH ( BLOCK 130a) 6.8 1.40 33.5
B79026 DELTA, WEST EBLK. 84% 6.4 0.84 22.2
B79025 CHANDELEUR SOUND (BLK. 25) 7.7 1.7

Note: When the same field identification and bl ock nunber appear
for Foqf entries it neans that there are different producing depths
I nvol ved.



Tabl e 3.

variabl e-wi nd speed oil-weathering nodel.)

Crude 0il Identification

Disk File

sugar Creek Field, from BPO*
Dat abase, extremely light crude, no
resi duum BPO No. B39094.

B39094DT.ASC

Chandeleur Sound Field Bl ock 25,
from BPO Dat abase, very little
gasol ine plus naphtha, "33 vol une
percent residuum BPO No. B79025.

B79025DT.ASC

Main Pass Bl ock 290, from BPO*

Dat abase, very little gasoline plus
naphtha, 42.7 volunme percent

resi duum BPO No. B77071.

B77071DT.ASC

G bson Terninal Conposite, currently
an item of comerce, 8.7 volune

percent gasoline plus naphtha, 31.3
vol ume percent residuum

GIBSONT.ASC

H gh Island Ofshore Conposite,

currently an item of comerce,*

Eéopertles estimated using BPO
tabase, 27.3 volune percent

gasol i ne plus naphtha, 11.5 vol une
percent residuum

HIGHISL.ASC

17

Selection of Gulf of Mexico Crude Ols (The disk file
identified for each crude is read directly by the

*BPO is Bartlesville Project Office Crude 0il Anal ysis Data Bank.

For

more—detail see the User’s Guide for this data bank identified

in the Reference Section as U S. DCE 1987.
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Tabl e 4a. Inspections for Sugar Creek Field Crude fromthe US.
Department of Energy Data Bank (U.S. DOE 1987).

BPO _CRUDE o1L DATA BANK
MAI NTAI NED BY NATI ONAL | NSTI TUTE FOR PETROLEUM AND ENERGY RESEARCH

(NIPER)
BARTLESVILLE, (K

CRUDE O L ANALYSIS NO B39094

| DENTI FI CATI ON

SUGAR CREEK FI ELD LOUI SI ANA
DARRETT, TRAVI S PEAK, COVANCHE, LOWER CRETACEUS CLAIBORNE PARI SH

5546 FEET
GENERAL CHARACTERISTICS

GRAVI TY, SPECIFIC. 0.733 APl : 61.5 POUR POINT,DEG F:
SULFUR, WI' PCT: 0.10 NI TROGEN, WI' PCT:

VI SCCSI TY, SAYBOLT UNIV SEC

AT 100 F < 32
DI STI LLATI ON, BUREAU OF M NES ROUTI NE METHCD

STAGE | -DI STI LLATI ON AT ATMOSPHERI C PRESSURE

FRAC CUT VAL SUM GRAVI TY CORR REFRACT' SPEC SU VI SC CLOUD
NO. TEMP PCT VOL SPEC APl | NDEX INZDOEX 5ND DISP  SECS PO NT
C

F PCT (60/ 60 F) (100 F) F

1 122 2.6 2.6 0.639 89.9
2 167 8.3 10. 0.674 78.4 9
3 212°19.1 30.0 0.711 67.5 17
4 257 17.2 47.2 0.726 63.4 15
5 302 15.4 62.6 0.737 60.5 13
6 347 13.8 76.4 0.751 56.9 13
7 392 7.2 83.6 0.764 53.7 13
8 437 6.4 90.0 0.776_ 50.8 13
9 482 3.9 93.9 0,787 48.3 13

10 527 2.1 96.0 0.797 46.0 13

STAGE 2- DI STI LLATI ON CONTI NUED AT 40 MM HG

11 392

12 437

13 482

14 527

15 572

RESIDUUM 3.2 99.2 0.816 41.9

CARBON RESI DUE, WT PCT: OF RES: SULFLR , WI PCT OF RES:

( CONRADSON) OF CRUDE: NI TROGEN, WI' PCT OF RES:
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Tabl e 4a. |Inspections for Sugar Creek Field Crude fromthe U S.

Department of  Energy Data Bank (Us. DCE 1987)
(conti nued)

APPROXI MATE SUMVARY

VCOL PCT SP GRAV AP VI SCOSI TY

LI GHT GASCLI NE 30.0 0.695 72.2

TOTAL GASCLI NE AND NAPHTHA 83.6 0.724 63.9

KEROSINE DI STI LLATE 12. 4 0. 783 49. 2

GAS AL 0.0

NONVI SCOUS LUBE DI STI LLATE 0.0 50-100
MEDI UM LUBE DI STI LLATE 0.0 100- 200
VI SCOUS LUBE DI STI LLATE 0.0 > 200
RESI DUE 3.2 0.816 41.9

DI STI LLATI ON LGSS 0.8

BPO CRUDE O L DATA BANK

MAI NTAI NED BY NATI ONAL | NSTI TUTE FOR PETROLEUM AND ENERGY RESEARCH
(NIPER)

BARTLESVI LLE, K

HYDROCARBON- TYPE ANALYSI S
CRUDE O L ANALYSIS NO B39094

0ooo INSUFFICIENT DATA FOR REPORT *** &%
END OF ANALYSI S
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Table 4b. Inspections for Chandeleur gound Bl ock 25 Fiel

> d
from the U S. Departnent of Energy Data Bank (U.

SCr ude
1987) '

DOE

BPO CRUDE O L DATA BANK
MAI NTAI NED BY NATIONAL | NSTI TUTE FOR PETROLEUM AND ENERGY RESEARCH
(NIPER)

BARTLESVI LLE, K
CRUDE O L ANALYSI S NO B78025

| DENTI FI CATI ON

CHANDELEUR SOUND (BLK. 25) FIELD LOUI SI ANA
TEXTULARIA, M| OCENE OFFSHORE
CENERAL CHARACTERISTICS

GRAVI TY, SPECIFIC 0.895 APl . 26.6 POUR poINT,DEG F: < 5
SULFUR, WI' PCT: 029 Nl TROGEN, wr PCT: 0.069
VI SCOSI TY,, SAYBOLT vN1v SEC: COLOR.  GREENI SH BROMWN

AT 100 F 108
AT 130 F 66

DI STI LLATI ON, BUREAU OF M NES ROUTI NE METHOD

STAGE |-DI STI LLATI ON AT ATMOSPHERI C PRESSURE 746 MM HG
FI RST DROP AT 225 DEGREES F.

FRAC CUT WOL SUM GRAVITY CORR REFRACT SPEC SU VISC CLOUD
NO. TEMP IPCT VOL SPEC APl | NDEX INDEX,ND DISP  SECS POl NT
F PCT (60/ 60 F) (20 ¢) (100 F) F
1 122
2 167
3 212
4 257
5 302 0.6 0.6 0.804 44.5
6 347 1.1 1.7 0.819 41.3 45 1.44660 129.7
7 392 2.3 4.0 0.828 39.4 43 1.45231 132.6
8§ 437 3.8 7.8 0.835 38.0 41 1.45758 136.2
9 482 6.9 14.7 0.842 36.6 39 1.46241 138.4
10 527 13.1 24.8 0.850 35.0 38 1.46797 144.1
STAGE 2- DI STI LLATI ON CONTI NUED AT 4CI MM HG
11 392 5.6 30.4 0.862 32.7 39 1.47480 150.1 42 < 5
12 437 11*5 41.9 0.868 31.5 38 1.47891 151.3 48 < 5
13 482 10.5 52.4 0.880 29.3 41 1.48572 154.3 66 < 5
14 527 6.8 59.2 0.891 27.3 43 105 12
15 572 1.4 66.6 0.900 25.7 44 176 36
RESIDUUM 3:3.2 99.8 0.943 18.6
CARBON RESIDUE, WI PCT: OF RES: 7.7 SULFUR , W' PCT OF REs:
( CONRADSON) OF CRUDE: 2.7 NTROGEN, W PCT OF RES: 0.154
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Tabl e 4b. Inspections for Chandeleur Sound Bl ock 25 Field Crude

fromthe U S Departnent of Energy Data Bank (U S. DOE
1987) (continued)

APPROXI MATE SUMVARY

VOL PCT SP GRAV AP VI SCOsSI TY

LI GAT GASOLI NE 0.0

TOTAL GASCLI NE AND NAPHTHA 1.7 0.814 42. 4

KEROSINE DI STI LLATE 0.0

GAS AL 35.7 0. 850 35.0

NONVI SCOUS LUBE DI STI LLATE 17.3 0.869-0.890 .31.3- 27.6 50-100
VEDI UM LUBE DI STI LLATE 10. 6 0.890-0. 903 27.6- 25.2 100-200
VI SCQUS LUBE DI STI LLATE 1.3 0.903-0.905 25.2- 24.9 > 200
RESI DUE 33.2 0.943 18.6

DI STI LLATI ON LCSS 0.2

HYDROCARBON- TYPE ANALYSI S
CRUDE O L ANALYSI S NO B79025

AROVATI CS PAR-NAPH CORR SPEC

FRAC VOL PCT SPEC CORR VAL PCT VOL PCT | NDEX  GRAV
NO. OF CRUDE GRAV | NDEX OF FRAC OF FRAC OF P-N OF P-N

1

2

3

4

5 0.6 0. 804 - 5.2 94.8 43 0. 800

6 1.1 0.819 45 6.4 93.6 43 0. 815

7 2.3 0. 828 43 8.8 91.2 40 0.822

8 3.8 0. 835 41 11.9 88.1 35 0. 824

9 6.9 0. 842 39 12. 6 87.4 32 0. 828
10 10.1 0. 850 38 15.0 85.0 30 0. 833
11 5.6 0. 862 39 19.6 80. 4 29 0. 839
12 11.5 0. 868 38 20.6 79.4 28 0. 845
ANALYSI S OF NAPHTHA FRACTI ONS FRAC NO OF RINGS PER MOL:
FR VOL PCT OF PN VOL PCT-OF FR NO. TOTAL AROM NAPHTHENES
NO. NAPH PAR NAPH PAR

2 (1 NSUFFI CI ENT DATA) 12 1.7 0.4 1.3

3 (1 NSUFFI CI ENT DATA) 14 (I NSUFFI CI ENT DATA)

4

5 0.0

6 100.0 0.0 93.6
7 0.0

©Co
coo
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Tabl e 4b. Inspections for Chandel eur Sound Bl ock 25 Field Crude
fromthe U S. Departnent of Energy Data Bank (U.S. "DCE
1987) (conti nued)

SUMVARY DATA FOR BLENDS
NAPHTHA GAS AL

BLEND BLEND
(FR5-7)  (FR 8-12)
VOLUME PERCENT OF CRUDE | N BLEND 4.0 37.9
AROVATI C , VOL PCT OF BLEND 7.6 16. 6
PARAFFI N- NAPHTHENE, VOL PCT OF BLEND 92. 4 83 4
NAPHTHENE, VOL PCT OF BLEND 92. 4
PARAFFIN ,  VOL PCT OF BLEND 0.0
NAPHTHENE, VOL PCT OF P-N I N BLEND 100. 0
PARAFFIN, VOL PCT OF P-N I N BLEND 0.0
NAPHTHENE RI NG, W PCT OF P-N IN BLEND  70.3 45. 3
PAR + SIDE CHAINS, W PCT OF P-N IN BLEND 29.7 54. 7
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Table 4c. Inspections for Main Pass Block 290 Field Crude fromthe
U S. Departnent of Energy Data Base (U.S. DCE 1987)

BPO CRUDE O L DATA BANK
MAI NTAI NED BY NATI ONAL | NSTI TUTE FOR PETROLEUM AND ENERGY RESEARCH
(NIPER)
BARTLESVILLE, (K
CRUDE O L ANALYSI S NO. B77071

| DENTI FI CATI ON
MAI N PASS (BLOCK 290) FIELD

LOUI SI ANA
K2RA, M CCENE OFFSHORE
GENERAL CHARACTERI STI CS

GRAVITY, SPECIFIC. 0.925 APl 21.5 POUR POINT,DEG F: < 5
SULFUR, WT PCT: 0.31 NI TROGEN, WI' PCT: 0.134
VI SCCSI TY, SAYBOLT UNIV SEC COLOR BROMNI SH- BLACK

AT 100 F 336

AT 130 F 160

DI STI LLATI ON, BUREAU OF MINES ROUTI NE METHOD

STAGE | - DI STI LLATI ON AT ATMOSPHERI C PRESSURE 742 MM HG
FI RST DROP AT 169 DEGREES F.

FRAC CUT VOL SUM GRAVITY CORR REFRACT SPEC su VISC CLOUD
NO TEMP PCT VOL SPEC APl | NDEX INDEX,ND DISP SECS PO NT

F PCT  (60/60 F) (20 c) (100 P F
1 122
2 167
3 212
4 257 0.6 0.6 0.769 52.5 -
-5 302 0.8 1.4 0.777 50.6 32  1.42593 128.8
6 347 1.2 2.6 0.805 44.3 38 1.43925 130.7
7 392 2.0 4.6 0.826 39.8 42  1.45023 132.3
8 437 3.0 7.6 0.842 36.6 44 1.45951 135.6
9 482 5.7 13.3 0.853 34.4 44  1.46700 138.3
10 527 5.1 18.4 0.861 32.8 43  1.47291 143.8
STAGE 2- DI STI LLATI ON CONTI NUED AT 40 MM HG
11 392 5.1 23.5 0.875 30.2 45 1.48106 149.7 45 < 5
12 437 8.1 31.6 0.882 28.9 45 1.48585 153.6 53 < 5
13 482 8.7 40.3 0.895 26.6 48 74 < 5
14 527 8.4 48.7 0.907 24.5 50 137 < 5
15 572 8.0 56.7 0.916 23.0 52 340 < 5
RESIDUUM 42.7 99.4 0.976 13.5
CARBON RESIDUE, WI PCT: OF RES. 12.8 SULFUR W PCcT OF RES: 0.52
( CONRADSON) OF CRUDE: 5.8 NITROGEN, WI PCT OF RES: 0.309
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Tabl e 4c.

Us. Departnent
( continued)

APPROXI MATE SUMVARY

VOL P SP GRAV
LI GHT GASQOLI NE 0.0
TOTAL GASOLI NE AND NAPHTHA 2.6 0.788
KEROSINE DI STI LLATE 0.0
GAS AL £22 .5 0. 857
NONVI SCOUS LUBE DI STI LLATE 14.3 0.879-0.900
MVEDI UM LUBE DI STI LLATE 7.6 0.900-0.910
VI SCQUS LUBE DI STI LLATE 9.7 0.910-0.920
RESI DUE 42.7 0.976
DI STI LLATI ON LCSS 0.6

HYDROCARBON- TYPE ANALYSI S
CRUDE O L ANALYSIS NO B77071

AROVATI CS PAR-NAPH

FRAC VOL PCT SPEC CORR VOL PCT VOL PCT
NO. OF CRUDE GRaV | NDEX OF FRAC

1

2

3

4 0.6 0. 769 -

5 0.8 0.777 32 5.1 94.9

6 1.2 0. 805 38 7.2 92.8

7 2.0 0. 826 42 8.6 91.4

8 3.0 0. 842 44 11.4 88. 6

9 5.7 0. 853 44 12.6 87.4
10 5.1 0. 861 43 15.0 85.0
11 5.1 0. 875 45 19.7 80. 3
12 8.1 0. 882 45 22.7 77.3
ANALYSI S OF NAPHTHA FRACTIONS FRAC NO
FR VOL PCT OF PN VOL PCT OF FR NC.
NO. NAPH PAR NAPH  PAR

2 (1 NSUFFI Cl ENT DATA) 12 1.9

3 (1 NSUFFI Cl ENT DATA) 14

4

5 80. 4 19.6 76. 3 18.6

6 100.0 0.0 92.8 0.0

7 100.0 0.0 91.4 0.0

29
35
39
39
38
36
. 36
35

0.4

| nspections for Main Pass Block 290 Field Crude fromthe
of Energy Data Base (U.S.

DOE 1987)
API VI SCCSI TY
48.1
33.7
29.4- 25.7 50-100
25.7- 24.0 100-200
24.0- 22.2 > 200
13.
CORR SPEC
| NDEX  GRAV

OG- FRAC OF P-N OF P-N

L7172
. 799
820
833
841
. 846
. 855
. 860

o000 00OO0

OF RINGS PER MOL:
TOTAL AROM NAPHTHENES

1.5

(I NSUFFI CI ENT DATA)
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Table 4c. |Inspections for Maiin Pass Block 290 Field Crude fromthe
Us. Departnment of Energy Data Base (U. S. DCE 1987)

( continued)

SUMVARY DATA FOR BLENDS

VOLUVE PERCENT OF CRUDE | N BLEND

AROWATI C , VOL BCT OF BLEND
PARAFFIN-NAPHTHENE, VOL PCT OF BLEND
NAPHTHENE, VOL PCT OF BLEND

PARAFFIN, VOL pcT orF BLEND

NAPHTHENE, VOL PCT OF P-N | N BLEND
PARAFFIN, VOL PCT orFP-N IN BLEND
NAPHTHENE RI NG WI PCT OF P-N I N BLEND
PAR + SIDE CHAINS, W PCT OF P-N I N BLEND

NAPHTHA

BLEND
{ FRe-7)
4.

7.
92.
88.

3,
96.
3,
60.
30,

OhOROOMWL O

GAS O L
BLEND
(FR 8-12)
27.0
17*3
82.7
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Table 5. Qrude Analysis for Approximtion of gn |sland Offshore
Conposite fromthe U 'S. Departnent
(Ur.TpS. DOE 1987) of Energy Data Bank

BPO CRUDE O L _DATA BANK
MAI NTAI NED BY NATI ONAL | NSTI TUTE ror PETROLEUM AND ENERGY RESEARCH (NIPER)

BARTLESVILLE, OK
CRUDE O L ANALYSI S NO. 63134

JDENTIFICATION
Bl G HILL,Nw FI ELD TEXAS
FRIO, 8900 FT, OLI GOCENE JEFFERSON COUNTY
8970 FEET
GENERAL CHARACTERISTICS
GravIiTY, SPECIFIC. 0.835 1: 38.0 POUR poiINT,DEG F. < 5
SULFUR, W PCT: 0.13 Nl TROGEN, .wr PCT: 0.018
VI SCOSI TY, SAYBOLT UNIV SEC.
AT 100 F 35

DI STI LLATI ON, BUREAU OF M NES RQUTI NE METHOD
STAGE |- DI STI LLATI ON AT ATMOSPHERI C PRESSURE

rrac CUT VOL Sum GRAVI TY CORR REFRACT SPEC SU visc CLOUD
NO TEMP PCT vOL SPEC APl | NDEX :iwpex,np DISP  SECS POLNT
F PCT  (60/60 F) (20 c) (100 F) F
1 122 0.6 0.6 .654 84.9
2 167 1.9 2.5 0.675 78.1 10 1.37894 124.2
3 212 3.1 5.6 0.719 65.3 21 1.40094 131.7
4 257 55 11.1 0.744 58.7 24 1.41470 136.4
5 302 53 16.4 0.765 53.5 26 1.42659 142.8
6 347 6.9 23.3 0.781 49.7 27 1.43497 142.6
7 392 4.0 27.3 0.795 46.5 27 1.44087 137.9
8 437 85 35.8 0.809 43.4 28 1.44742 137.3
9 482 9.9 45,7 0.825 40.0 31 1.45530 139.0
10 527 11.0 56.7 0.842 36.6 34 1.46377 142.4
STAGE 2- DI STI LLATI ON CONTI NUED AT 40 WM HG
11 392 10.1 66.8 0.861 32.8 39 1.47371 145.6 43 5
12 437 6.9 73.7 0.873 30.6 41 1.47829 146.4 53 25
13 482 50 79.6 0.882 28.9 42 1.48527 148.3 76 45
14 527 42 83.8 0.895 26.6 45 1.49201 - 150 60
908 24.3 48 195 70

mﬁRéEsc?Jl QREI%?QI'\A DUléf ?MS;%TQ éﬁgﬁlEls-ls'gz 3 SULEUR. W PCT OF RES
(CORRADSEN " OF OR0E 0.3 NTRGEN W PG OF RER



27

Table 5.  Crude Analysis for Approximation of H gh Island Offshore
Conposite fromthe U S. Departnent of Energy Data Bank
(U.S. DCE 1987) (continued)

APPROXI MATE  SUMVARY

VOL PCT SP GRAV AP| VI SCOSI TY

LI GHT GASOLI NE 5.6 0.697 71.5
TOTAL GASOLI NE AND NAPHTHA 27.3 0. 755 55. 8
REROSINE DI STI LLATE 18. 4 0.818 41.6

aL 22.0 0. 852 34.6
NONVI SCOUS LUBE DI STI LLATE 10.6 0.869-0.086 31.3- 28.2  50-100
VEDI UM _LUBE DI STI LLATE 7.7 0.886-0.909 28.2- 24.1 100-200
VI SCOUS LUBE DI STILLATE 1.4 0.909-0.914 24.1- 23.3 > 200
RES| DUE 11.5 0.941 18,9
DI STI LLATI ON LGOSS 1.1

HYDROCARBON- TYPE ANALYSI S
CRUDE O L ANALYSIS NO. B63134

AROVATI CS par-NaPE  CORR SPEC

FRAC VOL PCT SPEC VOL PCT VOL PCT | NDEX GRAV
NO. OF CRUDE GF\’AVINDEXO:FRAC OF FRaC OF P-N oFP-N
1 0.6 0. 654 0.0 100. 0 - 0. 654
2 1.9 0.675 10 1.1 98.9 9 0.673
3 3.1 0.719 21 6.4 93.6 16 0.708
4 5.5 0.744 24 10.0 90.0 17 0.730
5 5.3 0. 765 26 16. 2 83.8 16 0.744
6 6.9 0.781 27 16. 8 83.2 17 0.761
7 4.0 0.795 27 13.0 87.0 20 0.780
8 8.5 0. 809 28 12. 3 87.7 21 0.794
9 9.9 0. 825 31 12. 8 87.2 23 0. 809
10 11.0 0. 842 34 13.6 86.4 26 0. 826
11 10.1 0 861 39 16. 4 83.6 30 0. 842
12 6.9 17. 2 82.8 33 0. 856

ANALYSI S oF NAPHTHA FV\CTI ONS FRAC NO. oOF RINGS PER MOL:
FR VvVOL PCT OF PN VOL PCT OF FR NO. TOTAL AROM NAPHTHENES

NAPH PAR NAPH PAR
13.0 87.0 12.9 86. 0 12 1.9 0.2 1.7
30.9 69.1 28.9 64. 7 14 2.3 0.5 1.8

41.7 58.3 37.5 52.5
42. 4 57.6 35.5 48. 3
43.7 56. 3 36. 4 46. 8
59.6 40. 4 51.9 35.1
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Table 5.  Crude Analysis for Approximtion of Hgh Island Offshore
Conposite Tromthe U'S. Departnent of Energy Data Bank
(U.S. DCE 1987) (continued)

SUMVARY DATA FOR BLENDS
NAPHTHA GAS AL

BLEND BLEND
{(FR1-7) (FR 8-12)
VOLUME PERCENT OF CRUDE | N BLEND 27.3 46.4
LROMATI C , VOL PCT orFBLEND 12.1 14. 3
PARAFFIN-NAPHTHENE, VOL PCT orF BLEND 87.9 85.7
NAPHTHENE, VOL ?CcT OF BLEND 35.9
PARAFFIN, VOL PCT OF BLEND 52.0
NAPRTHENE, VOL PCT oFP-N | N BLEND 40. 8
PARAFFIN, VOL PCT orFP-N I N BLEND 59. 2
NAPHTHENE RI NG, WwT PCT OF P-N IN BLEND 23.4 39.6

PAR + SIDE CHAINS, W pcToOFP-N IN BLEND 76.6 60. 4
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Table 6. Inspections for G bson Ternminal Conposite, |nformation

Extracted from Industry Inspections (Adans 1991).

Not e:

Distillation Data (see Note bel ow
Cut Range, ‘F | Cut Degrees F Vol une % APl Gavity
113- 155 134 1.5 76. 2
155- 265 210 8.9 58. 5 [
265-351 308 8.7 50. 1
351-401 376 5.5 45, 2
401- 500 450 16.1 38.5
500- 600 550 11.1 32. 4
600- 650 625 6.7 29.2
650- 750 700 7.1 27.1
750+ 850 31.3 20.0

Bulk APl Gavity =  34*5

Pour Pt, Degree F = -40.0

Vis SSU 40°F = 85.1

Vis SSU 60°F = 58.7

Vis Ssu 80°F "49.0

Gasol i ne plus Naphtha, volume % = 21
Kerosine fraction, volume % 22

Conradson Carbon in 1000+, weight %= 7.6

The distillation volume percent Iyi eld data wil] not sun to
100% the 1BP-113 fraction is deleted. For oil-weathering
prediction purposes this fraction wll be deleted by the
code because it is too volatile to exist for any significant
time in the environnent. The oil-weathering code wll
renormalize the data as required.



31
SELECTI ON orF PETRCLEUM PRODUCTS

There are a variety of petroleum products that are shi pped
through the Gulf of Mexico. These products include gasoline,
aircraft gas-turbine fuels, diesel fuels, fuel oils and
m scel | aneous |ight oils such as kerosine and industrial naphthas.
The fol |l ow ng paragraphs present a discussion of these six products
and their ph¥5|cal properties pertinent for oil-weathering
predictions. These petrol eum products were selected for the oil-
weat hering physical property files because these products represent
the entire range of vapor pressure that can be expected.

Gasoline 1s the product which refiners make and sell in the
| argest volume. Gasoline is defined as a petroleum fuel designed
for use in _ reciprocating, spark-ignition, internal-conbustion
engi nes. The American Society Of Testing and Materials (ASTM

1990c) does not provide a specification which can be used as the
basis for physical properties of this product because the
specification 1s in terns of maxinuns and mnimunms.  The average
distillation of gasoline wll vary somewhat with the season, but
such details are not considered pertinent for oil-weathering
predictions . A set of inspections which can be used as input for
oi | -weat hering predictions for a gasoline cut froma Louisiana
Delta crude is:

Table 7. Estimate of Inspections for Gasoline

Cut Degrees F APl Gavity Vol umre %
130 70 20
180 64 20
220 62 20
260 60 20
295 58 20

The cut tenperatures tabulated here are not exactly in the sane
range as those specified in the ASTM specification; the ASTM
distillation specification is not a true boiling point ( T8P)
distillation, rather it utilizes only a few plates and is referred
to as a D-86 distillation. The bulk APl gravity for the above
gasoline cut is estimated at 62.8 and the viscosity at 70°F is 0.5
centi poi se. _ _ _ _

Jet fuels, which are aircraft gas-turbine fuels, include the
commonly known JP-4 which is a gasoline-kerosine mxture with a
vapor pressure of 2 to 3 pounds per square_inch, and a boiling
range of 200°F to 500°F. The ASTM specification for aviation
turbine fuels (ASTM 1990d), as in the gasolinespecification,
speci fies maxi mum boiling points (no mnimns); the maxi num boiling
tenperature at 90%recovered is 473°F. Also,  the jet fuels in this
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specification are referred to as Jet A or Jet A-1, and Jet B. A
set of inspections which can be used as input for oil-weathering
predictions for jet fuel boiling between 200°F and 500°F isS:

Table 8. Estimate of Inspections for Jet Fuel
Cut Degrees F APl Gravity Vol une % “
260 51.0 20
340 49.5 20
395 46. 0 20
420 42.0 20
495 39.0 20

The bul k APl gravity for the above jet fuel is estimated at 45.5
and the viscosity is 2.2 centipoise at -30°F. ,

Diesel fuel's, or diesel fuel oils, are produced in nany
?rmms . Grade 1-D which conprises the class of volatile fuel oils

rom kerosine to the internediate distillates are used in high-

speed engines operating at frequent and relatively w de variations
in | oads and speeds and for apBIJcat|ons where fuel tenperatures
are abnormally 1ow. Gade 2-D includes distillate gas oils of
| ower volatility used in high-speed engines at_relativelﬁ_high
| oads and uni form speeds or 1n engines not re%ylrlng t he hi gher
volatility of the previous grade. G ade 4-D covers the nore
viscous distillates and blends of these distillates with residual
fuel oils. This grade is used in engines operating at |ow and
medi um speeds W th sustained |oads. ~ ASTM specification (ASTM
1990e) agai n specifies mninum and maxi num i nspection paraneters.
It is noted that there is also a grade DF-A which is referred to as
an arctic diesel. Diesel fuels generally boil in the range between
350 and 700°F with a viscosity in the range of 1.4 to 6.0
centistokes (except for grade DF-4 which can'range up to 20.6
centistokes) and a gravity of whatever is recorded. Note that the
gravity is not entirely arbitrary because of the specification of
tRe Elnenatlc viscosity which is the absolute viscosity divided by
the density. , _

A se? of inspections Wwhich can be used as |n$ut for oil-
weat hering predictions for a diesel cut froma South Texas (sweet)
crude is:
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Table 9. Estimate of Inspections for Diesel Fuel

Cut Deqgrees F APl Gavity Vol une %
395 46.0 18
440 41.0 18
495 38.0 18
550 35.0 18
630 30.0 28

The bulk APl gravity for the above diesel fuel is estimated at 37.2
and the viscosity at 35 saybolt Seconds at 100°F.

Distillate fuel oils are those distilled oils referred to as
distillates and residuals. There are eight grades: Gade No. 1 is
a light distillate intended for use in burners of the vaporizin
type where hlgh_vojatlllty is required. Gade No. 2 1s a heavie
distillate and is intended for use in atom zing type burners which
spray oil into a conbustion chamber. This type of oil is used in
most domestic burners (i.e., hone heating oil) and in many medi um
capacity commercial -industrial burners where ‘its ease of handling
justifies its higher cost over residual fuels. Grade No. 4 (Light)
Is a heavy distillate fuel oil or dlstlllate/resldu%H fuel blend
meeting a specified viscosity range. I'ts permssible viscosity
range allows it to be punped and atom zed at relatlvely | ow st or age
,temperatures. Gade No. 4 is usually a heavy distillate/residual
fuel blend but can be a heavy distillate fuel neeting a specified
viscosity range. It is intended for use in burners equipped wth
devi ces that atom ze oils of hlgher vi scosities than domestic
burners can handl e. G ade No. (Light) 1s a residual fuel of
intermedi ate viscosity for burners %Fpable of handling fuel nor
viscous than the previous grade. Gade No. 5 (Heavy) is a residua
fuel nmore viscous than the corresponding Jlﬁht” G ade No. 6,
sonetimes referred to as Bunker C, 1S a high-viscosity oil used
mostly in comercial and industrial heating. It requires

E{eheating in the storage tank to permt punping. There is also a

esi dual Fuel supplied to neet requlatjons requirin ﬁﬁﬁl
content and nayppdiffer for the gprevf ous gr%de. 9 ‘file M

speci fication (ASTM 1990f) agai n sgecifiq$ m nlnunlgnd_qﬁxinun1
distillation tenperatures. or exanmple the maxi num distillation

temperature at which 10 vol ume percent is recovered is specified at
419 F for Grade No. 1.

Clearly there is a wide range of distillate fuel oils supplied

and all of these will not weather 1n the same manner In the
environment. However, for the purpose of specifying the physica
Bererties of fuel oil, a “wde range” gas oil which generally
oi |'s between 430°F and 850°F i s used:
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Table 10. Estimate of Inspections for a Wde Range Fuel QO
Cut Degrees F APl Gravity Vol unme %
460 39*4 21.1
520 37.0 21.0
575 35.0 19.3
650 31.0 19.3
750 25.0 19.3

The bulk APl gravity for the above w de range fuel oil is estimted

at 33.6 arid the viscosity is 40 saybolt Seconds at 100°F.

Kerosine is the general

petrol eum fracti ons enpl oyed as fuel

appliances requiring a uniform _
It is ordinarily a material .
to 525°F with a specific gravity of approximtely
y about 2.5
1990g) includes two grades:
a special lowsulfur grade suitable for use in nonflue-connected
applications. No. 2-Kis a regular grade kerosine
suitable for use in flue-connected burner applications.
distillation specifications for kerosine are a maxi numof 10 vol ume
percent recovered at 401°F and a naxi num fi nal

gasol i ne.

viscosity is
speci fication

ker osi ne burner

‘nonvi scous fuel

centi st okes.

name applied to the group of refined
| anps and for
IS | ess volatile than
boiling over the range 350°F
0. 80.

The _
No. 1-K which is

heati ng

boi [ ing point

572°F. A set of specifications which can be used as input for oil-
weat hering predictions for kerosine is:

Table 11. Estimate of Inspections for Kerosine

Cut Degrees F APl Gavity Vol une %
410 44.5 20
430 42.0 20
460 40.0 20
480 38.0 20
500 36.5 20

The bul k ap gravity for the above kerosine is estimted at 40.2
is 2.5 centipoise at 100°F.

and the viscosity

The industri al

rubber sol vent,
spirits,
These napht has var

et her,

light m neral

spirits.

light spirits,

napht has include such products as petrol eum
flash vM&P naphthas,

Stoddard sol vent and odorless m neral
in conposition from paraffin-type
hydr ocarbons to aromatics, and in sone cases may contain naphthenes
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(naphthenes are derivatives of ring conpounds such as cyclopentane
and cyclohexane) and olefins. Al of these products will not be
di scussed, but the naphtha that is generally heard of fromtime to
time is vMs? naphtha (from varnish makers’ and painters’ naphtha),
and its specifications will be estimated. ASTM specification (ASTM
1990h) provi des the standard specification for vMsP naphthas.
There are three types: Type | is called regular naphtha and has a
distillation with an initial mnimmboiling point of 235°F and a
dry point of 310'F. Type Il is called a h%?h-flash naphtha with an
initial mninmum boili'ng point of 280°% and a dry point of 350°F
Type IIl is called odorless naphtha and is simlar in its
distillation to Type |I. The ASTM specification does not give a
viscosity specification. A set of specifications which can be used
as input for oil-weathering predictions for vM&P naphtha is:

Table 12. Estimate of |nspections for vMsp Naphtha
Cut Degrees F APl Gavity Vol une %
240 55.0 25
280 53.0 25
420 51*0 25
340 48. 4 25

The bulk APl gravity for the above vMsP naphtha i’s estimated at
51.8 and the viscosity is estimated to be 0.5 centipoise at 122°F.

A summary of the petroleum products discussed here is
presented in Table 13 where the boiling range is tabul ated al ong
wth the identification of the disk file which contains the

physi cal %yoperty information that is read by the oil-weathering
model . hese product inspections were estimated froma w de
variety of data from nmany sources. True Boiling Point

distillations and APl gravities on each distillation cut are the
required input for 0|I-meather|n%_ predictions, but these
I nspections are not all that common. he nost accessible source of
distillation data are those published fromtime to tine in the Ol

& G?s Journal since 1973. (halund 1983, and G| & Gas Journa

1973) .
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Table 13* Summary of Selected Petrol eum Products Shipped through
the Gulf of Mexico (The disk file identified for each
product is read directly by the oil-weathering nodel.)

Petrol eum Product Boiling Range Di sk File

Identification Degrees F

Gasol i ne 130 - 295 GASOLINE.ASC

vM&P Napht ha 240 - 340 VM&PNAPH.ASC

I Jet Fuel 260 - 495 JETFUEL.ASC

Kerosine 410 - 500 KEROSINE.ASC

} Di esel Fuel 395 — 630 DIESEL.ASC

Wde Range Fuel QO 460 - 750 WRFULOIL.ASC
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CODE AND FILE | NSTALLATI ON

~ The variable-wind speed oil-weathering nodel is witten as a
series of Basic codes stored in ASCII format. The input data files
required to run these codes inmmediately are also stored in ASCl |
format. Al these codes and data files are stored on the write-
protected disk labelled MMSVW dated February 25, 1992. The
Instructions that follow for installation are specific to Ms-pose
systens and 1BM® conpati bl e personal conputers. To install these
files make a directory on the hard disk and copy all the files from
di sk mMsvw to this néw directory. The sequence of comrands may
appear as follows:

MD VARW (enter
CD VARW (enter
COPY a:+.» C. (enter)

These three conmands nmeke the directory VARW change to VARWas the
default directory and then copy all the files fromthe A drive to
the default directory. _ _

At this point it is necessary to conpile and link the oil-
weat hering routine OILWIND.BAS. This routine is the nunerical
integration routine and running this particular routine in
interpreted node can be quite slow. The specific instructions for
your installation's conpiler nust be followed. In general nost of
the available Basic conpilers are simlar, and a sequence of
commands may appear as foll ows:

Basco O LWND /0; (enter, that is an “oh”)

VWen this command string is finished the DOS prompt will be
di splayed. At this point the object file OILWIND.OBJ W ll exist in
the default directory. Next, this object file nmust be Iinked usin
your installation’s LINK routine which is conpatible with the
versi on being used. To link the oILWIND.OBJ t he sequence of
commands may appear as follows:

LINK OLWND (enter)
ent er
ent er

BASCOM.LIB (enter)

The two internediate enters above are default entries. Wen this
sequence of commands is finished an executable file OILWIND.EXE
will be in the default directory. The object file 0ILWIND.OBJ can
now be del et ed. _ _

This finishes the installation procedure. The default
directory will contain the codes listed in Table 14, the crude-oil
characterization files listed in Table 3 on page 17, the petroleum-
product characterization files listed in Table 13 on page 36, and
a Wi nd-speed file identified as GM19DE21.A90.
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Tabl e

14.  List of Codes Required to Run the MVBE Open- Ccean
Vari abl e Wnd-Speed QO | - \Wat heri ng Mdel
Code Nane Pur pose of Code

CUTVPW.BAS | Ol-characterization and weathering-
specification routine, prepares an oil-

weathering input file.

OILWIND.BAS

conpiled and |linked .EXE file.

PRTCHAR.BAS | Prints hard copy of the oil-

characterization and weathering
specifications.

PRTRSLT.BAS | Prints hard copy of the oil-weathering

predi cti ons.

WSPEED.BAS Allows user to create or edit w nd-speed
(and duration) tables in the form of

disk file which can be read by
CUTVPW.BAS.

WSPRINT.BAS | Prints hard copy of the wi nd speed (and

duration) tables.

WSPACK.BAS Allows user to concatenate two w nd

speed fil es.

*F .BAS By adding an “F’ to the name of any of
the three above print routines a DOS-
text disk file can be created instead of
hard copy. The DOS-text £file can then
be inported into a word processor.

Ol -weathering code, should be run as a
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USER' S | NSTRUCTI ONS: RUNNI NG THE CODE W TH LI BRARY FI LES

_ The oil-weathering nodel can be used imediately after
installation as described in the previous section. The user nust

know whi ch crude oil characterization or petroleum product
characterization file is to be used, and al SO which wind-speed file
Is to be used. The user can create both of these input files, or

use the library files listed in Table 3 (page 17) for the crude oi
characterization files, or those listed in Table 13 (page 36) for
t he petrol eum product characterization files, and those listed in
Table 15 on the foll owing pages for a w nd-speed file. Thi s
articular wnd-speed file contains 264 hourly w nd-speed entries
egi nning at 0100 hours on Decenber 21, 1990, fromthe Gulf of
Mexi co buoy identified as station 42019 ("LaNelle").
_ To run the oil-weathering codes, first | oad  your
installation’s version of Basic, and then |oad cuTrvpw.Bas. In
general nost of the available versions of Basic are simlar and a
sequence of commands may appear as fol |l ows:

GweASIC (enter)
KEY OFF (enter, to turn off the F key tenplate)
LOAD"CUTVPW (enter, and wait for the “ok")

VWhen this sequence of commands is finished the oil-characterization
and oil-weathering specification routine is ready to run. To run
this code in interpreted Basic, enter RUN (with no period). Now
the user need only respond to the program pronpts. 0 illustrate,
enter Rto read an oil-characterization file and at the file pronpt
enter GIBSONT.ASC (which is the G bson Term nal Conposite
characterization file nane in Table 3). Then enter NO for the next
four(4) pronpts to accept the default characterization paraneters.
At the tenperature pronpt for the vapor pressure calculation enter
70. This 1s the surface temperature of the Gulf of Mexico for the
buoy identified in Table 15 for the nonth of Decenber.

~ After a brief pause the oil-weathering specification pronpts
begin, for this illustration enter a spill size in barrels of 1000,
and for the nunber of hours for weathering to occur enter 96.

Next the code will prompt for the w nd-speed file nane, enter
GM19DE21.A90 exactly as shown here.  For the next two pronpts
regarding slick spreading and dispersion enter YES both tines.
Then enter NO when pronpted to change any of the seven(7) oil-
meathe% ng specification paranmeters unleSs an input error has
occurr ed. ‘

The code will then tell you that you should have a hard CQPV
of the wind-speed file specified above; for this exanple the file
GM19DE21.290 is printed in Table 15 on the follow ng pages. The
Qronpt for the starting w nd-speed entry can be any entry in

abl e 15. This starting entry is the first entry that the oil-
weat hering code will use to sét the wind speed for the duration
indicated; for this illustration enter 30.  Then the code will
pronpt for the ending w nd-speed entry to use; referrln? to Table
15, enter 50. Thus , only 20 hours of ‘this w nd-speed file wll be
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used. The final prompt for w nd-speed entry information will be
for a | oop-back entry to be used; here enter 30 and then YES if
everything went correctly. The oil-weathering code will IooE back
in the w nd-speed table to entry 30 when 20 hours ‘of weathering
have occurred. This | oop-back entry prevents the code from running
out of wind speeds and allows the user to use any nunber of wind-
SPeed scenarios from a single wnd-speed file. In this
illustration the oil-weathering calculation will weather through
t he “norther" which occurs at entry nunber 40.

The final pronpt will be for a file nanme for storing the oil-
characterization and oil-weathering specifications or this
particul ar case; enter GIBTCHR.ASC (With no period). This finishes
the input for curvew.Bas and now the oil-weathering code can be
run. 0 exit Basic enter SYSTEM _ . _

At the DOS echo the conpiled and |inked oil-weathering code
naned O LWND can be run by entering OLWND (with no period).
This code reads an internediate data file created by curvew and
wites to an internediate output file. The user tan see the
progress of the calculation by watching the nonitor. \Wen the
cal culation is conplete a conpletion nessage wi ||l appear on the
moni t or. This finishes the running of the variable-speed oil-
weat hering code and the results can now be printed. _

To print the oil-weathering results |oad Basic again and | oad
the characterization print routine PRTCHAR.BAS and nake sure a
printer is on line.  The sequence of commands to print the
?hﬁracterlzatlon and oi |l -weat hering specifications will appear as

ol | ows:

GWBASIC (enter

KEY OFF (enter
LOAD"PRTCHAR (enter)
RUN (enter)

The code PRTCHAR Wil |l pronpt for the characterization file to be
printed; in this illustration enter GIBTCHR.ASC (from above), and
the results will be printed. Note that if a DOS-text disk fileis
desired, load “PRTCHARF (with no _erl_od?. The characterization
results will then be printed; for this illustration the results are
presented in Table 16. . _ . _

- To print the oil-weathering calculation results with Basic
still loaded, first enter NEW (to clear out the previous progra
and LOAD ' PRTRSLT (with no period). Enter RUN and this code w |
read the OLWND intermediate output file and print the results.
Again, if a DOS-text disk fileis de5|¥ed LOAD ’PﬁTRSLTF (wWth no
period). The calculation results _for this illustration are
presented in Tables 17a and 17b. _ The calculation results are
printed in tw sets as indicated. The “a" set of results contains
the wi nd- speed data used. For this illustration note that the
initial hourly wind speeds in neters per second are 4.6, 2.5,
3.2, . . . . ., and that these correspond to the specified entries i
Table 15 starting at entry 30. Xt note that at_21 hours of
weat hering the wnd speeds repeat, or 100P back. The “norther
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occurred in the oil-weathering calculation at approxinately 10
hours el apsed tine. The rest of the output in Table 17a is
expl ained in the header.

The “b” set of results in Table 17b contain additional
weat hering information as a function of tine which are explained in

t he header. It is inportant to note the conposition indices
designated as “|” and “J” in these results. These indices give an
i ndication of the slick conposition. | is the first cut wth

Preaper than 5% of its initial mass remaining in the slick;
l'i kewi se J corresponds to the first cut with greater than 50% of
its initial mass remaining. The code searches for these indices
according to the way the cuts are stored: fromthe nost volatile to
the |east volatile. Also, note that at tine equal zero, the start,
that cut one(l) does not exist. This cut is so volatile at the
weat hering tenperature of 70°r that 1t wll evaporate in mnutes
and the code has deleted it. This cut’s mass has not been deleted
fromthe total material balance of the slick. _

_ It is inportant to be able to identify the various results and
di fferent pages of hard com(]. The jdentification is done uniquely
with the recorded time of the calculation; this time is printed on
every page so that every page can always be uniquely identified.
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Tabl e 15.

The file:
The identification string is:

Entry # Knots

CONOOOUITRWNRFRPROwoo~Ioo TR LWN -

Il lustration of

a Wnd-Speed Table used b

the Varia

W nd- Speed Open-Ccean O'| -Weat hering Code (This ta

I ncludes the passage of two cold fronts at approxi matel
40 and 239 el apse

W nd- Speed Table printed by:

hours.)

A:GM19DE21.290 was read at 19:49:32 on 05-28-1992

16.
17.
16.
17.
16.
17.
18

18.
19.
16.
15.
14.
14.
150
13.
13.
14.
14.
15.
15.
15.
15.
14.
13.
13.
12.
11.
13.

ONOOONOCOUIRRFENOOg OO ONOOOPROANJUIOWH ©OLWUUTO W

Roooaho©

|
*

Met er s/ see

SPRWHERWNARPITTODNNOEIB ONNND N 00000 © OO0 00

RPNNOITARNIOOOCONRROORFRPNORFRPROOUIWO~NOg hRPUOIFRPDRWNPRO~NOW

Dur ati on
Hour s

[ Nl ol o T SN ol Sl ol SN
H . -

s o o

O OO0 OO0 OO0 OOCOOOCOCOC O OO0 OO OO

e O e o

El apsed

Hour s

OO OO O OO OOOOOOOOO OO OC OO OO OOODOODOOON

42019 at 12/21/90 for 264 hrs

Page 1

b
b
e

WSPRINTF.BAS, version 2-13-92 1509

e
e
y
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Table 15. Illustration of a Wnd-Speed Table used by the Variable
W nd-Speed Open-Ccean G| -Weat hering Code (This table
includes the passage of two cold fronts at approximately
40 and 239 elapsed hours.) (continued)

VVnd-S?eed Table printed by: wsPRINTF.Bas, version 2-13-92 1509
e

The fi A:GM19DE21.A90 was read at 19:49:32 on 05-28-1992
The identification string is: 42019 at 12/21/90 for 264 hrs
Entry # Knots Met ers/see Duration El apsed Page 2
Hour s Hour s
37 10.1 5.2 1.0 37.0
38 12. 6 6.5 1.0 38.0
39 17.9 9.2 1.0 39.0
40 19.2 9.9 1.0 40.0
41 16. 1 8.3 1.0 41.0
42 18.1 9.3 1.0 42.0
43 16. 5 8.5 1.0 43.0
44 20. 8 10.7 1.0 44.0
45 20. 4 10.5 1.0 45.0
46 19. 6 10. 1 1.0 46.0
47 17.9 9.2 1.0 47.0
48 17.9 9.2 1.0 48. 0
49 17.7 9*1 1.0 49.0
50 16.1 8.3 1.0 50.0
51 17.9 9.2 1.0 51.0
52 17.5 9.0 .0 52.0
53 16.5 8.5 1.0 53.0
54 14.2 7.3 1.0 54.0
55 14.2 7.3 1.0 55.0
56 15.9 8.2 1.0 56.0
57 15. 4 7.9 1.0 57.0
58 16.1 8.3 1.0 58.0
59 17.1 8.8 1.0 59.0
60 20. 4 10.5 1.0 60.0
61 20. 8 10. 7 1.0 61.0
62 20. 8 10. 7 1.0 62.0
63 20.2 10. 4 1.0 63.0
64 20. 8 10. 7 1.0 64.0
65 20. 4 10.5 1.0 65.0
66 19.4 10.0 1.0 66.0
67 23.1 , 11,9 1.0 67.0
68 23.1 11.9 1.0 68.0
69 23.3 12.0 1.0 69.0
70 24. 1 12. 4 1.0 70.0
71 22.4 11.5 1.0 71.0
72 24. 3 12.5 1.0 72.0.
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Tabl e 15.

|l lustration of a Wnd-Speed Table used b

the Variabl e

W nd- Speed Open-Ccean Q| -Wathering Code (This table
I ncl udes the passage of two cold fronts at approximtely

40 and 239 el apsed hours.) (continued)

W nd- Speed Table printed by: WSPRINTF.BAS, version 2-13-92 1509
A:GM1SDE21.A90 was read at 19:49:32 on 05-28-1992

12/ 21/90 for 264 hrs

The file:
The identification string is: 42019 at
Entry # Knots

23.
25.
25.
25.
25.

73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92

NNogokRULIOINO

ORI AEPFRPOUIIoy NNOR RNRORPFPOOOWOOUITIOWWUTIRPWWWHR ORF W

Met er s/ see Duration
Hour s

12.
12.
13.
12.

WHRONNPONEROINS NN

OCOOVUWAOOHN O OWOOORrRPRORMANNOOFFP,PNONEFOOOORP A OOWYWWOWO

o et S ol et el ol el el et el el e b L e o v ol el et st ek el
olelolal Yelolelelolelelelelele o Yola o=l Po Pl ol oo ol o = Fo oo N =Y =)

El apsed
Hour s

73.0
74. 0.
75.0
76*0
77.
78.
79.
80.
81.
82.

©
- - w - -
olol-folaolofol=lololelelelolole el elelolelele oo o l=le e o)

Page 3
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Table 15. Illustration of a Wnd-Speed Table used by the Variable
W nd- Speed Open-Ccean oil-weathering Cod-e (This table
i ncludes the passage of two cold fronts at approxi mately
40 and 239 elapsed hours.) (continued)

W nd- Speed Table printed by: WSPRINTF.BAS, version 2-13-92 1509
The file: A:GM19DE21.A90 was read at 19:49:32 on 05-28-1992

The identification string is: 42019 at 12/21/90 for 264 hrs

Entry # Knots Met ers/see Duration El apsed Page 4
Hour s Hour s
109 9*5 4*9 1.0 109.0
110 10.9 5.6 10 110.0
111 9.5 4.9 1.0 111.0
112 11.7 6.0 1.0 112.0
113 13.2 6.8 1.0 113.0
114 . 11.9 6.1 1.0 114.0
115 11.3 5.8 1.0 115.0
116 10.9 5.6 1.0 116.0
117 11.3 5.8 1.0 117.0
118 13.2 6.8 1.0 118.0
119 12.6 6.5 1.0 119.0
120 13.8 7.1 1.0 120.0
121 15.2 7.8 1.0 121.0
122 13.0 6.7 1.0 122.0
123 14. 8 7.6 1.0 123.0
124 14.2 7.3 1.0 124.0
125 16.5 8.5 1.0 125.0
126 13.8 7.1 1.0 126.0
127 14.0 7.2 1.0 127.0
128 16.9 8.7 1.0 128.0
129 15. 4 7.9 1.0 129.0
130 15. 4 7.9 1.0 130.0
131 16. 7 8.6 1.0 131.0
132 15.7 8.1 1.0 132.0
133 17.7 9.1 1.0 133.0
134 16. 7 8.6 1.0 134.0
135 15.9 8.2 1.0 135.0
136 15.6 8.0 1.0 136.0
137 17.7 9.1 1.0 137.0
138 18.1 9.3 1.0 138.0
139 18.5 9.5 1.0 139.0
140 19.4 10.0 1.0 140.0
141 18.9 9.7. 1.0 141.0
142 18.7 9.6 1.0 142.0
143 20.0 10. 3 1.0 143.0
144 21.2 10.9 1.0 144.0
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Table 15. [Illustration of a Wnd-Speed Table used by the Variable ,
W nd- Speed Open- Ccean 0il-Weathering Cod-e (This table
I ncl udes the pass ge of two coId fronts at approxinately
40 and 239 elapsed hours.) (continued)

Wnd- Speed Table printed by: WSPRI NTF. BAS, version 2-13-92 1509
The file: A:GM19DE21.290 was read at 19:49:32 on 05-28-1992

The identification string is: 42019 at 12/21/90 for 264 hrs

Entry # Knots Meters/see Duration  El apsed Page 5
Hour s Hour s
145 18.9 9.7 1.0 145.0
146 21.0 10. 8 1.0 146.0
147 19.1 9.8 1.0 147.0
148 19.4 10.0 1.0 148.0
149 22. 4 11.5 1.0 149.0
150 23.7 12.2 1.0 150.0
151 23.1 11.9 1.0 151.0
152 12*2 6.3 1.0 152.0
153 10. 3 5.3 1.0 153.0
154 7.4 3.8 1.0 154.0
155 9.1 4*7 1.0 155.0
156 11.7 6.0 1.0 156.0
157 4.7 2.4 1.0 157.0
158 2.5 1.3 1.0 158.0
159 2.7 1.4 1.0 159.0
160 6.0 3.1 1.0 160.0
161 9.1 4.7 1.0 161.0
162 11.5 5.9 1.0 162.0
163 7.6 3.9 1.0 163.0
164 10.7 5.5 1.0 164.0
165 10.9 5.6 1.0 165.0
166 12.1 6.2 1.0 166. 0
167 12.2 6.3 1.0 167.0
168 11.9 6.1 1.0 168. 0
169 10.7 5.5 1.0 169.0
170 11.5 5.9 1.0 170.0
171 11.7 6.0 1.0 171.0
172 10. 3 5.3 1.0 172.0
173 10.9 5.6 1.0 173.0
174 10.5 5%4 1.0 174.0
175 11. 3 5.8 1.0 175.0
176 10. 3 5.3 1.0 176.0
177 8.9 4.6 1.0 177.0
178 8.9 4.6 1.0 178.0
179 8.4 4.3 1.0 179.0
180 7.8 4.0 1.0 180.0
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Table 15. Illustration of a Wnd-Speed Table used by the Variable
W nd- Speed Open-Ccean o0il-Weathering Cod-e (This table
i ncludes the passage of two cold fronts at approximately
40 and 239 elapsed hours.) (continued)

W nd-Speed Table printed by: WSPRINTF.BAS, version 2-13-92 1509
The file: A:GM19DE21.280 was read at 19:49:32 on 05-28-1992

The identification string is: 42019 at 12/21/90 for 264 hrs

Entry # Knots Met ers/see Duration El apsed Page 6
Hour s Hour s
181 8.2 4.2 1.0 181.0
182 9.1 4*7 1.0 182.0
183 10.1 5.2 1.0 183.0
184 9.7 5.0 1.0 184.0
185 10.5 5.4 1.0 185.0
186 9.3 4.8 1.0 186.0
187 9.7 5.0 1.0 187.0
188 11.5 5.9 1.0 188.0
189 10.5 5.4 1*0 189.0
190 10.9 5.6 1.0 190.0
191 10.1 5.2 1.0 191.0
192 7.6 3.9 1.0 192.0
193 9.7 5.0 1.0 193.0
194 11.1 5.7 1.0 194.0
195 14. 6 7.5 1.0 195.0
196 15.0 7.7 1.0 196.0
197 16. 3 8. 4 1.0 197.0
198 15. 6 8.0 1.0 198.0
199 14. 2 7.3 1.0 199.0
200 13.6 7.0 1.0 200.0
201 15. 2 7.8 1.0 201.0
202 12.1 6.2 1.0 202.0
203 11.9 6.1 1.0 203.0
204 12.2 6.3 1.0 204.0
205 10.9 5.6 1.0 205.0
206 12.1 6.2 1.0 206.0
207 10.5 5.4 1.0 207.0
208 10.9 5.6 1.0 208.0
209 10.3 5.3 1.0 209.0
210 10.5 5.4 1.0 210.0
211 12. 2 6.3 1.0 211.0
212 9.9 5*1 1.0 212.0
213 9.1 4.7 1.0 213.0 -
214 9.1 4.7 1.0 214.0
215 9.3 4.8 1.0 215.0
216 8.9 4.6 1.0 216.0
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Table 15. Illustration of a Wnd-Speed Table used by the Variable
W nd- Speed Open-Ccean O'| -Wathering Code (This table
i ncl udes the passage of two cold fronts at approximately
40 and 239 elapsed hours.) (continued)

Wnd- Speed Table printed by: wspRINTF.BAS, version 2-13-92 1509

The file: A:GM19DE21.290 was read at 19:49:32 on 05-28-1992

The identification string is: 42019 at 12/21/90 for 264 hrs

Entry # Knots Meters/see Duration El apsed Page 7
Hour s Hour s
217 9.3 4.8 1.0 217.0
218 10. 1 5.2 1.0 218.0
219 13.2 6*8 1.0 219.0
220 12.1 6. 2 1.0 220.0
221 12. 4 6.4 1.0 221.0
222 9.9 5.1 1.0 222.0
223 10.5 5.4 1.0 223.0
224 9.7 5.0 1.0 224.0
225 11.7 6.0 1.0 225.0
226 10.9 5.6 1.0 226.0
227 6.8 3.5 1.0 227.0
228 8.6 4.4 1.0 228.0
229 11.5 5.9 1.0 229.0
230 11.1 5.7 1.0 230.0
231 11.1 5.7 1.0 231.0
232 10.9 5.6 1.0 232.0
233 13.0 6.7 1.0 233.0
234 10.5 5%4 1.0 234.0
235 5.8 3.0 1.0 235.0
236 3.3 1.7 1.0 236.0
237 1.4 0.7 1.0 237.0
238 1.4 0.7 1.0 238.0
239 23.5 12.1 1.0 239.0
240 23.9 12.3 1.0 240.0
241 25. 3 13.0 1.0 241.0
242 26.0 13.4 1.0 242.0
243 24. 3 12.5 1.0 243.0
244 23. 3 12.0 1.0 244.0
245 22.2 1104 1.0 245.0
246 21. 4 11.0 1.0 246.0
247 19. 8 “10.2 1.0 247.0
248 20.0 ‘103 1.0 248.0
249 20.2 10. 4 1.0 249.0
250 19.1 9.8 1.0 250.0
251 19. 4 10.0 1.0 251.0
252 18.1 9.3 1.0 252.0
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Table 15. Illustration of a Wnd-Speed Table used by the Variable
W nd- Speed Open-Ccean Q| -Weathering Code (This table
I ncludes the passage of two cold fronts at approximtely
40 and 239 elapsed hours.) (continued)

W nd- Speed Table printed by: WSPRINTF. BAS, version 2-13-92 1509
The file: 2:GM19DE21.290 wasS read at 19:49:32 on 05-28-1992

The identification string is: 42019 at 12/21/90 for 264 hrs

Entry # Knots  Meters/see Duration El apsed Page 8
Hour s Hour s
253 18.5 9.5 1.0 253.0
254 16. 3 8.4 1.0 254. 0
255 16. 3 8.4 1.0 255.0
256 16.5 8.5 1.0 256. 0
257 16.9 8.7 1.0 257.0
258 16. 1 8.3 1.0 258.0
259 15. 4 7.9 1.0 259.0
260 15. 2 7.8 1.0 260. 0
261 15.9 8.2 1.0 261.0
262 16. 5 8.5 1.0 262.0
263 15. 2 7.8 1.0 263.0
264 14. 8 7.6 1.0 264.0
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Table 16. QO l-Characterization and O |-Wathering Specifications ‘
for Illustration of the Wathering of G bson Term na
Conposite

O L WEATHERI NG FOR: G bson Term na
CODE NAME | S curvew.BAS, PRI NTED BY PRTCHARF.BAS
RUN TIME | S 09:03:37 HOURS ON 09-26-1992

OL VOLUME (SPILL), BARRELS = 1.c00E+03, MEAN MOLE VEI GHT = 224
TEMPERATURE;, DEGREES F = 70

THE W ND- SPEED TABLE CAME FROM THE FI LE GM19DE21.A90
THE STARTI NG WND ENTRY USED | S > 30
THE ENDING WND ENTRY USED IS >>> 50
THE LOOP BACK WND ENTRY | S >>>>> 30

FOR THE OUTPUT THAT FOLLOAS, MOLES = craM MOLES
GW = GRAMS, VP = VAPOR PRESSURE | N ATMOSPHERES
BP = BO LING PONT I N DEGREES F, APl = GRAVITY
Mw= MOLECULAR WEI GHT

CUT MOLE S eVS VP BP AP Mw
1 2.158+04 1.70E+06 2.52E-01 1.34E+02 7.62E+01 7.90E+01
2 1.09E+05 1.07E+07 4.18E-02 2.10E+02 5.85E+01 9.80E+01
3 8.45E+04 1.09E+07 2.55E-03 3.08E+02 5.01E+01 1.29E+02
4 4.64E+04 7.10E+06 2.65E-04 3.76E+02 4.52E+01 1.53E+02
5 1.19E+05 2.15E+07 1.88E-05 4.50E+02 3.85E+01 1.B81E+02
6 6.95E+04 1,54E+07 3.40E-07 5.50E+02 3.24E+01 2.22E+02
I 3.59E+04 9.45E+06 09.92E-09 6.25E+02 2.92E+01 2.63E+02
8 3.23E+04 1.01E+07 1.57E-10 7.00E+02. 2.71E+01 3,14E+02
9 7.79E+04 4.68E+07 0.00E+00 8.50E+02 2.00E+01 6.00E+02

BULK APl GravIiTY = 34.5, SPER = 0.852

BULK CRUDE VI SCOSITY, CENTIPO SE =~ 7.46E+01

VI SCOSI TY CONSTANT FOR FRACTION-OIL-WEATHERED = 1.05E+01
viscoSITY-TEMPERATURE SCALI NG CONSTANT (ANDRADA) = 9.00E+03
MAXI MUM FRACTI ON WATER IN O L %NCUSSE) “0.70
MOUSSE- VI SCOSI TY CONSTANT = 0.6

MOUSSE WATER-INCORPORATION RATE CONSTANT = 1.00E-03

O L/ WATER SURFACE TENSI ON, DYNES/CM = 30.0

DI SPERSI ON CONSTANTS ARE: AK © 1.08E-01, BK = 5.00E+01
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Table 17a. QG I-Wathering Calculation Results for G bson Term nal
Conposite (First set of results, output is uniquely
identified by the run time and date)

O L WEATHERI NG QUTPUT AT 09:03:37 HOURS ON 09-26- 1992, Page 1
CODE NAME | S PRTRSLTF.BAS
FOR QUTPUT BELOW THE FOLLOW NG NOTATI ON APPLI ES

TIME | S HOURS

WND | S THE WND SPEED | N METERS/ SECOND

FRACTI ON 1S MASS FRACTION REMAINING IN THE SLICK
SPGR IS THE SPECI FI C GRAVI TY

AREA | S THE SLI CK AREA | N METER* METER

THI CKNESS |S THE SLICK THI CKNESS |IN CM

MOLE W IS THE MEAN MOLECULAR WEI GHT OF THE SLICK
VISC IS THE VI SCOSITY IN CP

TIME WND FRACTION SPGR AREA TH CK MOLE WI Visc
0 4.6 0.99 0.84 7.8E+03 2. 0E+00 229.8 1.3E+02
1 2.5 0.92 0.85 3.0E+04 4. 7E-01 252.5 2.6E+02
2 3.2 0. 90 0.86 4.2E+04 3. 4E-01 262.0 3. 4E+02
3 4.4 0. 88 0.86 5.2E+04 2. 6E-01 268.1 4.6E+02
4 3.5 0.87 0.86 5.7E+04 2. 4E-01 271.6 5. 1E+02
) 3.2 0. 85 0.86 6.3E+04 2. 1E-01 275.1 5.9E+02
6 6.1 0.84 0.86 6.9E+04 1. 9E-01 278.1 9.9E+02
7 5.2 0.83 0.86 7.3E+04 1,8E-01 282.4 1. 1E+03
8 6.5 0.82 0.86 7.8E+04 1. 6E-01 286.1 1. B8E+03
9 9.2 0.81 0.87 8.2E+04 1.5E-01 289.1 5. 1E+03
10 9.9 0.79 0.87 8. 6E+04 1. 4E-01 292.6 9. 2E+03
11 8.3 0.78 0.87 8.9E+04 1. 3E-01 294.8 6. 6E+03
12 9.3 0.77 0.87 9.3E+04 1. 3E-01 296.6 1. 3E+04
13 8.5 0.77 0.87 9. 6E+04 1.2E-01 297.9 1. 1E+04
14 10.7 0.76 0.87 1. 0E+05 1.2E-01 299.5 3. 1E+04
15 10.5 0.75 0.87 1. 0E+05 1. 1E-01 300.8 3. 4E+04
16 10.1 0.75 0.87 1.1e+05 1. 1E-01 302.0 3. 6E+04
17 9.2 0.74 0.87 1.1E+05 1. oE-01 303.1 3. 3E+04
18 9.2 0.74 0.87 1.1E+05 1. 0E-01 304.1 3. B8E+04
19 9.1 0.73 0.87 1.1E+05 9.9E-02 305.1 4. 2E+04
20 8.3 0.73 0.87 1.2E+05 9. 6E-02 306.0 3. 7E+04
21 4.6 0.72 0.87 1.2+05 9. 4E-02 306.9 7. O0E+03
22 2.5 0.72 0.87 1.2E+05 9.2E-02 307.4 3. BE+03
23 3.2 0.72 0.87 1.2E+05 9. 0E-02 307.8 4. BE+03
24 4.4 0.72 0.87 1.3E+05 8. 8E-02 308.2 8. 1E+03
25 3.5 0.71 0.87 1.3E+05 8. 6E-02 308.7 5. 8E+03
26 3.2 0.71 ¢ 0.87 1.3E+05 8. 4E-02 309.1 5.5E+03
27 6.1 0.71 0.87 1.3E+05 8. 3E-02 309.5 2. TE+04
28 5.2 0.71 0,87 1.3E+05 8.1E-02 310.2 1. 8E+04
29 6.5 0.70 0.87 1.4E+05 7.9E-02 310.7 4.2E+04
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Table 17a. QO l-Wathering Calcul ation Results for G bson Term nal
Conposite (First set of results, output is uniquely
identified by the run tine and date.) (continued)

O L WEATHERI NG QUTPUT AT 09:03:37 HOURS ON 09-26-1992, Page 2
CODE NAME | S PRTRSLTF.BAS
FOR QUTPUT BELOW THE FOLLOW NG NOTATI ON APPLI ES

TI ME 18 HOURS

WND | S THE WND SPEED | N METERS/ SECOND

FRACTI ON IS MASS rracTioNn REMAINING IN THE SLI CK
SPGR | S THE SPECI FI C GrRavITY

AREA | S THE SLI CK AREA | N METER* METER

THI CKNESS IS THE SLI CK THI CKNESS | N CM

MOLE W | S THE MEAN MOLECULAR VEI GHT OF THE SLI CK
VISCIS THE VISCOSITY IN CP

TIME WND FRACTION SPGR AREA TH CK MOLE W VISC

30 9.2 0.70 0.87 1.4E+05 7. 8E-02 311.4 8.3E+04
31 9.9 0.70 0.87 1.4E+05 7. 6E-02 312.2 8.8E+04
32 8.3 0. 69 0.87 1.4E+05 7. 4E-02 313.4 9. 3E+04
33 9.3 0. 69 0.87 1.4E+05 7. 3E-02 314.1 1. 0E+05
34 8.5 0. 68 0.87 1.5E+05 7. 2E-02 314.8 1. OE+05
35 10.7 0. 68 0.87 1.5E+05 7. 0E-02 315.4 1.1E+05
36 10.5 0. 68 0.87 1.5E+05 6.9E-02 316.2 1.2E+05
37 10.1 0. 67 0.87 1.5E+05 6.8E-02 316.9 1.2E+05
38 9.2 0. 67 0.87 1.5E+05 6.7E-02 317.5 1. 3E+05
39 9.2 0. 67 0.87 1.5E+05 6.6E-02 318.1 1. 4E+05
40 9.1 0. 66 0.87 1.6E+05 6. 5E-02 318.7 '1.4E+05
41 8.3 0. 66 0.87 1.6E+05 6. 4E-02 319.3 1. 5E+05
42 4.6 0. 66 0.87 1. 6E+05 6. 3E-02 319.8 4.6E+04
43 2.5 0. 66 0.87 1.6E+05 6. 2E-02 320.2 1.2E+04
44 3.2 0. 65 0.87 1. 6E+05 6. 2E-02 320.4 1.9E+04
45 4.4 0. 65 0.88 1.6E+05 6. 1E-02 320.6 4.7E+04
46 3.5 0. 65 0.88 1.7E+05 6. 0E-02 320.9 2. 5E+04
47 3.2 0. 65 0.88 1.7E+05 6. 0E-02 321.2 2.2E+04
48 6.1 0. 65 0.88 1. 7E+05 5.9E-02 321.5 1. 5E+05
49 5.2 0. 65 0.88 1. 7E+05 5. 8E-02 321.9 1. 1E+05
50 6.5 0. 65 0.88 1.7E+05 5. 8E-02 322.2 1. 8E+05
51 9.2 0. 64 0.88 1. 7E+05 5. 7E-02 322.7 1. 9E+05
61 9.1 0.61 0.88 1.9E+05 5. 0E-02 328.7 3. 0E+05
71 6.5 0.59 0.88 2.0E+05 4. 6E-02 332.3 4. 2E+05
81 9.2 0.58 0.88 2.1E+05 4.2E-02 338,3 5. 6E+05
91 5.2 0.56 0.88 2.2E+05 3.9E-02 342.3 7.7E+05
96 9.3 0.55 0.88 2.2E+05 3.8E-02 342.3 7. 7E+05

—————

——

- -
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Table 17b. Ql-Weathering Cal cul ation Results for G bson Term na
Conposite (Second set of results, output is uniquely
identified by the run time and date.)

O L WEATHERI NG QUTPUT AT 09:03:37 HOURS ON 09-26-1992, Page 3
CODE NAME | S PRTRSLTF.BAS
FOR THE QUTPUT BELOW THE FOLLOW NG NOTATI ON APPLI ES

TIME IS HOURS

MOUSSE | S THE MASS FRACTION WATER IN THE O L + WATER
TOTAL-MASS IS THE METRIC-TON MASS OF OL IN THE SLICK

F-EVAP | S THE MASS FRACTI ON EvaporaTeD | NTO THE ATMOSPHERE
F-DISp | S THE MASS FRACTI ON DI SPERSED | NTO THE WATER COLUWN

| IS THE FIRST CUT WTH GREATER THAN 5% OF | NI TI AL REMAI NI NG
J IS THE FIRST CUT WTH GREATER THAN 50% OF | NI TI AL REMAI NI NG

TI ME MOUSSE TOTAL- MASS F-EVAP F-DISP | J
0 0. 00 1.32E+02 0. 00 0. 00 2 2
1 0.01 1.23E+02 0.07 0.00 2 3
2 0.02 1.20E+02 0.09 0. 00 2 3
3 0. 06 1.17E+02 0.11 0. 00 3 3
4 0.06 1.16E+02 0.12 0.01 3 3
) 0. 06 1.14E+02 0.13 0.01 3 4
6 0.19 1.13E+02 0.14 0.01 3 4
I 0.19 1.11E+02 0.15 0.01 3 4
8 0.27 1.09E+02 0.16 0.02 3 4
9 0.48 1.08E+02 0.17 0.02 3 4

10 0.55 1.06E+02 0.17 0.02 3 4
11 0.55 1.05E+02 0.18 0.03 4 4
12 0.57 1.03E+02 0.18 0.03 4 4
13 0.57 1.03E+02 0.19 0.03 4 4
14 0.67 1.01E+02 0.19 0.04 4 4
15 0. 68 1.01E+02 0.20 0.04 4 5
16 0. 68 9.99E+01 0. 20 0.04 4 5
17 0. 68 9.91E+01 0. 20 0. 05 4 5
18 0. 68 9.85E+01 0.21 0. 05 4 5
19 0. 68 9.78E+01 0.21 0. 05 4 5
20 0. 68 9.72E+01 0.21 0. 05 4 5
21 0. 68 9.67E+01 0.21 0. 05 4 5
22 0. 68 9.63E+01 0.22 0. 05 4 5
23 0.68 9.61E+01 0.22 0. 06 4 5
24 0. 68 9.58E+01 0.22 0. 06 4 5
25 0. 68 9.54E+01 0.22 0. 06 4 5
26 0. 68 9.51E+01 0.22 0. 06 4 5
27 0. 68 9.48E+01 0.22 0. 06 4 5
28 0. 68 9.44E+01 0.22 0. 06 4 5
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Table 17b. QOl-Wathering Calculation Results for G bson Term na
Conposite (Second set of results, output is uniquely
identified by the run time and date.) (continued)

O L WEATHERI NG OQUTPUT AT 09:03:37 HOURS ON 09-26- 1992, Page 4
CODE NAME | S PRTRSLTF.BAS
FOR THE OQUTPUT BELOW THE FOLLOW NG NOTATI ON APPLI ES

TIME |'S HOURS

MOUSSE | S THE MASS FRACTI ON WATER IN THE O L + WATER

TOTAL- MASS |S THE METRIG-TON MASS OF O L IN THE SLI CK

F-evaP | S THE MASS FRACTI ON evaroraTED | NTO THE ATMOSPHERE
F-DIsP | S THE MASS FRACTI ON DI SPERSED | NTO THE WATER COLUWN

| I'S THE FIRST CUT WTH GREATER THAN 5% OF INITIAL REMAI NI NG
J IS THE FIRST CUT WTH GREATER THAN 50% OF | NI TIAL REMAI NI NG

TI VE MOUSSE TOTAL- MASS F- EVAP F-DISP I J
29 0.68 9.40E+01 0.22 0. 06 4 5
30 0.70 9.36E+01 0.23 0. 06 4 5
31 0.70 9.31E+01 0.23 0.07 4 5
32 0.70 9.23E+01 0.23 0.07 4 5
33 0.70 9.18E+01 0.23 0. 07 4 5
34 0.70 9.14E+01 0.23 0.07 4 5
35 0.70 9.09E+01 0.24 0. 07 4 5
36 0.70 9.04E+01 0.24 0.08 4 5
37 0.70 8.99E+01 0.24 0.08 5 5
38 0.70 8.94E+01 0.24 0.08 5 5
39 0.70 8.90E+01 0.24 0.08 5 5
40 0.70 8.86E+01 0.25 0.08 5 5
41 0.70 8.82E+01 0.25 0.08 5 5
42 0.70 8.78E+01 0.25 0. 09 5 5
43 0.70 8.76E+01 0.25 0. 09 5 5
44 0.70 8.75E+01 0.25 0. 09 5 5
45 0.70 8.73E+01 0.25 0.09 5 5
46 0.70 8.71E+01 0.25 0.09 5 5
47 0.70 8.69E+01 0.25 0. 09 5 5
48 0.70 8.67E+01 0.25 0.09 5 5
49 0.70 8.65E+01 0.25 0.09 5 5
50 0.70 8.63E+01 0.25 0.09 5 5
51 0.70 8.60E+01 0. 26 0.09 5 5
61 0.70 8.21E+01 0.27 0.11 5 5
71 0.70 7.94E+01 0.28 0.12 5 6
81 0.70 7.69E+01 0.29 0.13 5 6
91 0.70 7 .45E+01 0.30 0.14 5 6
96 0.70 7.36E+01 0.30 0.14 5 6

"
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USER'S | NSTRUCTI ONS: CREATI NG A W ND- SPEED FI LE

A wi nd-speed file can be created or edited usin?,the Basi c
code WSPEED.BAS in the interpreted or conpiled node. his code is
conpl etely user interactive and displays the wind-speed file to the
user in increnents that fit on the nonitor. The edit conmmands
avai | abl e include delete, insert or change an entry, and continue
to the next screen or finish. Wen creating a wind-speed file the
user will usually experience input errors. \Wen this occurs the
user should finish entering the _data and then edit the new file
after it is initially stored. This is acconplished by rerunning
the code and entering the new file nane when pronmpted to do so.

There are two other Basic utilities to aid the user in
creating w nd-speed files. These are WSPEED1.BAS which is exactly
| i ke WSPEED.BAS except that this code expects the w nd-speed data
to be spaced by one hour every time,_and alleviates the user from
having to enter one(l% every tine. This code is _quite useful when
entering data fromthe Qulf of Mxico buoys. The other code is
WSPACK.BAS whi ch concatenates two w nd-speed files to create a new
one. Al of these Basic utility codes are conpletely user
interactive. o _ _

These Basic utility codes were used to create w nd-speed files
fromthe available MVS data (Brown 1991); these w nd-speed files
are identified in Table 18 and contain approxi mately 8,6 000 hours of
data fromthe @lf of Mexico buoys identified as stations 42019
("LaNelle") and 42020 (“EiIeen?i_ The disk files in this table can
be read directly by the oil-weathering specification code
CUTVPW.BAS.
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Tabl e 18.

Disk-File Index for the Wnd-Speed Data Files for Data
fromthe Gulf of Mexico Buoys ldentified as Stations
42019 and 42020 (Brown 1991) (These wi nd-speed files are
read by the oil-weathering code and used to specify the
wi nd speed as a function of tine.)

File Nane

GM19JA01
GM19JA09
GM19JA17
GM19JAZ5
GM19FEOQ1

GM19FEOS.
GM19FEl7.
GM19FEZ25.
A9l
LA01
LAD1
LA91

GM19MAC1
GM19MAOQ9
GM19MAl7
GM19MAZ25

GM20APO1
GM20AP13
GM20AP25
GM20MYO04
GM20MY16
GM20MY29

LA91
LA91
JAS1
JA91
JAS1

aA91
A91
A9l

.A91
LA91
CAS1
JA91
LA91

A91

GV2QINLO, A91

GM20JN22

GM19APO1
GM19AP13
GM19AaP25
GM19MYO05

GM19MY17.
LAS1

GM19MY29

GM19JNO5.

GM18JY01
GM19JY09
GM19JY17
GM19JY25
GM19AUO1
GM1S9AU0S
GM19AU17
GM19AU25

LA91

LA91
.AS1
JAOL
JA91

A9l

AQ1(*)

.A90
.A90
LA90
.A90
.AS0
.A90
LAS0
.A90

Buoy ID
42019
42019
42019
42019
42019
42019
42019
42019
42019
42019
42019
42019

42020
42020
42020
42020
42020
42020
42020
42020

42019
42019
42019
42019
42019
42019
42019

42019
42019
42019
42019
42019
42019
42019
42019

Start Date

1/1/91
1/9/91
1/ 17/ 91
1/ 25/ 91
2/1/91
2/ 9/ 91
2/ 17/ 91
2/ 25/ 91
3/1/91
3/9/91
3/17/91
3/ 25/ 91

4/ 1/ 91

4/13/91
4/ 25/ 91
5/ 4/ 91

5/ 16/ 91
5/ 29/ 91
6/ 10/ 91
6/ 22/ 91

4/ 1/ 91
4/ 13/ 91
4/ 25/ 91
5/ 5/ 91
5/17/91
5/ 29/ 91
6/ 5/ 91

7/ 1/ 90
7/ 9/ 90
7/ 17/ 90
7/ 25/ 90
8/ 1/ 90
8/ 9/ 90
8/ 17/ 90
8/ 25/ 90

Hour s
192
192
192
168
192
192
192

96
192
192
192
168

288
288
216
288
312
288
288
216

288
288
240
288
288
168
171

192
192
192
168
192
192
192
192

——

ttlile., e e e e
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Table 18. Disk-File Index for the Wnd-Speed Data Files for Data
fromthe Qulf of Mexico Buoys Identified as Stations
42019 and 42020 (Brown 1991) (These wi nd-speed files are
read by the oil-weathering code and used to specify the
wi nd speed as a function of time.) (continued)

File Nane Buoy ID Start Date Hour s
GM19SE01.290 42019 9/ 1/ 90 192
GM19SE09.290 42019 9/9/90 192
GM19SE17.A80 42019 9/ 17/ 90 192
GM19SE25.A90 42019 9/ 25/ 90 144
GM19SE01.A91 42019 9/1/91 192
GM19SE09.A91 42019 9/9/91 192
GM19SE17.A91 42019 9/ 17/ 91 192
GM19SE25.2a91 42019 9/ 25/ 91 144
GM190C01.290 42019 10/ 1/ 90 192
GM190C09.2450 42019 10/ 9/ 90 144
GM190C15.A80 42019 10/ 15/ 90 144
GM190C21.A90 42019 10/ 21/ 90 216
GM190C30.A90 42019 10/ 30/ 90 168
GM19NOO06.290 42019 11/ 6/ 90 144
GM19NO12.A90 42019 11/ 12/ 90 144
GM19NO18.2A90 42019 11/ 18/ 90 192
GM19NO26.A90 42019 11/ 26/ 90 144
GM19DEO02.290 42019 12/ 2/ 90 192
GVL9DEL1O. A90 42019 12/ 10/ 90 264
GM19DE21.A90 42019 12/ 21/ 90 264
GM200C01.A90 42020 10/ 1/ 90 288
GM200C18.290(*) 42020 10/ 18/ 90 77
GM20NOO07 .2A90 42020 11/ 7/ 90 216
GM20NO18.290 42020 11/ 18/ 90 288
GM20NO30.2A90 42020 11/ 30/ 90 216
GM20DE09.290 42020 12/ 9/ 90 288
GM20DE21.290 42020 12/ 21/ 90 264
GM200C13.2A80 42020 10/ 13/ 90 96

(*) indicates mssing data in original printout.
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USER' S | NSTRUCTI ONS: CREATING A PHYSI CAL PROPERTY FILE

A physical property file can be created by using the Basic
code cuTvPW.BAS in interpreted or conpiled mode. = The first pronpt
fromthis code asks the user if an eX|st|n(? ph%smal gr_oPert fhle
is to be read or a new one is to be entered. Upon specitying that
anewfile is to be entered, a crude (or petrol eum product) nane
will be requested, the nunber of true boiling point (TBP) cuts in
this crude and then for each cut the boiling point in degrer%s
Fahrenheit, the APl gravity and the volunme percent distilled. €
user is cautioned on the nonitor that a boiling point of 850°F nust
be entered for a residuumif present._ No boiling point higher than
850°F can be processed by the code. The user need not be concerned
about entering the exact volume percent distilled because the code
will renormalize to 100% For the situation where sone of the
distillation data are obtained at an absolute pressure of 40-mm Hg,
the data can be entered w thout correction to one(l) I\%t rms?herhe
total pressure; the code will do this autonatically st of the
pronpts that then follow will have suggested values that can be
entered. The exception is the pronpt for the maxi num wei ght
fraction water in oil for the oil-in-water emulsion. This fractlFon
for crudes should be 0.6 to 0.7 and can range down to Cf or
petrol eum products this fraction must be O  The code will then
conti nue pronpting for oil-weathering specification; continue
entering this information. The last pronpt will be for a file nane
to store the newy entered physical properties.
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CUTVPW Source Code Listing
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Appendi x A: cutvew Source Code Listing (Version of 5-28-92 @ 2028).

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
431
440
450
460
465
466
470
480
490
500
510
520
530
540
550
560

OPTI ON BASE 1

DEFINT |-N

DI M TB(18),API(18),VOL(18),AMOLES (18),VP(18), SPGR(18),A(18) ,B(18),TC(18)
DIM VC(18), PC(18), CNUM 18), TI Q(18) ,HVAP1(18),HVAPZ(18),CZ(2,6) ,TZ(2,6)
DI M PZ(4) ,AMTCA(18) ,AMTC(18) ,AMW(18) ,RHO(18),WS1(340),HOURS1(340)

DI M NS(18),NC(18),MW(18)

DEF FNYI(X)=((1l!-X)".38)/(X*X)

CODEN$="" CUTVPW .BAS"

VERS="5-28-92 @ 2028"

REM SCAL CONVERTS LOGE TO LOGLO

SCAL=. 4342945

AK=.108:BK=50! _ o

REM Set the viscosity-type paraneter to centipoise.

TESTVS="C"
REM Set the viscosi t_/y-reporti ng tenperature, it is always stored as
\F/%lEg/IZ%SZSDFg C, also 77 Deg F.

CLS

CZ(1,1)=62 .41: ¢z(1,2)=-.04595 :CZ(1,3)=- .2836 :CZ(1,4)=.003256
€z(1,5)=.0004578 :cz(1,6)=.0005279 :CZ(2,1)=426. 8:CZ(2 ,2)=-1.007
€CZ(2,3)=-7 .449:CZ(2 ,4)=.0138 :CZ2(2,5)=.001047 :cz(2,6)=. 02621
TZ(1,1)=405 5:TZ(1,2)=1.337 :TZ(1,3)=-2 ,662:TZ2(1,4)=-. 002169
TZ(1,5)=- ., 0004943 :Tz(1,6)=.01454:TZ(2,1)=412. 2:T2(2,2)=1 , 276
TZ(2,3)=-2 .865:TZ(2 ,4)=-.002888 :TZ(2,5)=- .0003707 :TZ(2,6)=. 02888
PZ(1)=. 01237:PZ(2)=.2516 :PZ(3)=. 04039 :Pz(4)=-.04024

REM The disk file use in the order they are used is as fol | ows:

REM  #1 | S 0IL-CHARACTERIZATION | NPUT DATA SUCH AS TBP DI STI LLATI ON,
REM BULK API, VI SCOSI TY DATA.

REM  # IS O L- CHARACTERI ZATI ON | NPUT DATA THAT WAS KEY- BOARDED I N
REM AND THEN SAVED, CAN BE READ BY #1.

REM  #3 | S O L- CHARACTERI ZATI ON CALCULATED RESULTS AND O L- WEATHERI NG
REM | NPUT DATA, TH'S IS TO BE PRINTED AS THE 80- COLUWN FI LE.

REM = | S O L CHARACTERI ZATI ON CALCULATED RESULTS AND QO L- WEATHERI NG
REM | NPUT DATA, THIS IS TO BE PRINTED AS THE 132- COLUWN FI LE.

REM The above file nunbers are changed, retained for back reference.
REM Record the date and time of this calculation.

DTE$=DATES

TME$=TIMES _ _ _

PRI NT: PRINT"Variable W nd- Speed Open-Ccean O | -Weathering code:";

PRINT" MBS 92-0023" _ o
PRINT: PRINT" ' You can read(R) an existing Oi | -characterization file or”;
PRI NT” enter(E? the data”

| NPUT' " yoursel f and then save it. Wiat do you want to do -;ans
TEST$=LEFTS (ANS |, 1)

| F TESTS="R" OR TESTS$="r" QOTO 550

| F TEST$="E" OR TEST$="e" GOTO 570 _
PRINT:PRINT"Your entry was not read(R) or enter(E), do it again.”
GOTO 470

I1Z=1

G0TO 590



570 |2Z=2

580 GOTO 790

500 REM NEDIT IS THE EDIT SWTCH, |F A DISK FILE IS READ AND THEN EDI TED,
600 REM THE USER IS ASKED | F THE EDI TED RESULTS ARE TO BE SAVED.

610 NEDIT=0

620 | F IZ=2 GOTO 790

630 REM READ | N O L- CHARACTERI ZATI ON DATA FROM A DI SK FI LE

640 PRINT:INPUT" ' Enter the oil-characterization file name“ ; PFYL1$

650 REM Iz=1 |'S USED TO | NDI CATE THAT A DI SK FI LE CRUDE WAS SPECI FI ED
660 OPEN “1", #1, PFYL1S$

670 | NPUT #1, MWSCTH

680 | NPUT #1, CNAMES

690 | NPUT #l, NCUTS

700 FOR'I = 1 TO NCUTS

710 INPUT %1, TB(I),API(I),VOL(I)

720 NEXT |

730 INPUT #1, APIB, VI SZ, VK3, VK4

740 | NPUT #1, €2,C1,C4,STEN

750 CLOSE #1

760 REM NOW GOSUB TO THE DI STI LLATI ON EDI TI NG ROUTI NE

770 GOSUB 7250

780 GOTO 940

790 PRINT: INPUT'’ Enter the crude 0il mname";CNAMES

800 PRINT:INPUT"Enter the nunber of TPB cuts in this crude";NCUTS

810 PRINT:PRINT'’You nust now enter the TPB cut data starting with the nost”
820 PRINT'volatile CUt and then go to the bottom of the barrel.”

830 PRINT"(If residuum is present, set its boiling point at 850 F.)”
840 FOR 1=1 TO NCUTS

850 PRINT: PRINT''Enter the boiling point at 1 atmin deg F for cut";I
860 | NPUT TB(I) _

870 PRINT"Enter the APl gravity for cut";I

880 | NPUT API (1)

890 PRINT"Enter the volunme % for cut";I

900 | NPUT voL(I)

910 NEXT |

920 REM NOWN GOSUB TO THE DI STI LLATI ON EDI TI NG ROUTI NE

930 GOSUB 7250

940 REM THE TBP pistiiiatioN |S NOW IN AND EDI TED

950 REM NOW ENTER THE REST OF THE VI SCOSI TY DATA

960 REMIF A DI SK FILE WAS READ AS Q'L I NPUT, SKIP AROUND TO 1060

970 | F 1z=1 GOTO 1070

980 PRI NT: 1nPUT"Enter the bul k crude APl gravity";aPIB

990 REM This change of September 23, 1991, "allows the user to enter
1000 REM the viscosity-in centipoi se or Saybolt Seconds.

1010 GOSUB 7960

1020 PRINT: INPUT' ' Enter the viscosity-reporting tenperature, Deg C.";VISZT
1030 PRINT: PRINT' " Enter the viscosity tenperature scaling constant, (Andrada)";
1040 INPUT”, try 9000";VK3

1050 PRINT: PRINT' " Enter the viscosity-fraction-oil-weathered constant”;
1060 INPUT", try 10.5";VK&

1070 prINT:PRINT"1. Bul k aPI = ";APIB

1080 | F TESTV$="s" OR TESTV$="s" GOTO 1110



1090
1100

1110
1120

1130
1140
1150
1160

1170
1180
1190
1200
1210
1220

1230
1240
1250
1260
1270
1280

1290

1300
1310
1320
1330
1340
1350
1360
1370

A-5

PRINT"2. Bul k viscosity, centipoise = ";VISZ
GOTO 1120
PRINT"2. Bul k viscosity, Saybolt Seconds = *;VISZ

PRINT"3. Viscosity reporting tenperature, Deg C *;VISZT
PRINT"4. Vis-tenperature constant = ";VK3
PRINT"5. Vis-fraction-oil-weathered constant = ";VK4
PRINT:INPUT"Want t0 change any’’ ;AN$
TEST$=LEFT$( ANS, |)
| F TEST$="N" OR TEST$="n" GOTO 1380
| F TEST$="Y" OR TESTS="y" GOTO 1210
PRINT:PRINT"Expected y€S Or no, re-enter."
GOTO 1150
NEDIT=1
PRINT: INPUT" ' Enter the line # to be changed";NLINE
| F NLINE>=1 AND NLINE<=5 GOTO 1260
PRINT:PRINT"Expected a nunber between 1 and 5, re-enter."”
GOTO 1220
ON NLINE GOTO 1270, 1290, 1310, 1330, 1360
PRI NT: INPUT"Enter bul k API";APIB
GOTO 1070
GOSUB 7960
GOTO 1070
PRINT: INPUT" ' Enter the viscosity-reporting tenperature, Deg C. ";VISZT
GOTO 1070
PRINT: PRINT' " Enter the viscosity-tenperature scaling constant (Andrada)";
I NPUT", TRY 9000" " ;VK3
GOTO 1070
PRI NT: INPUT"Enter the vis-fraction-oil-weathered constant, try 10.5 ' ;VK4
GOr0 1070

1380 REM Now check to see what viscosity units are being used. |f the
13790 REM units are centipoise, |oop around. |f the unlts are saybolt

1400

REM Seconds, convert to centipoi se.

1410 | F tESTVS="C" OR TESTV$="c" GOTO 1460

1420
1430
1440

REM Fal | throught t0 here means that Satybolt Seconds are to be
REM converted to centipoise. Note thaf saybolt Seconds is a

REM ki nematic viscosity and nust be multiplied by the density.

1450 VISZ=141l. 5%(,22*%VISZ-179. 3/VISZ)/(APIB+131.5)

1460
1470
1480

1490

1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600

| F 12=1 GOTO 1590
PRI NT: PRI NT" ' Now enter the nousse formation data’
PRI NT: INPUT"Enter the maxi num wei ght fraction water in oil";C2

IF ¢2>0 GOro 1560
C2=-1
Cl=.65
C4=,001
PRINT:PRINT"Since Q% water-in-oil is specified, the emulsion constants”;
PRINT” are not needed”
QOro 1810
PRINT: INPUT"’ Enter the npusse-viscosity constant, try 0.65";Cl1

PRI NT: INPUT"Enter the water incorporation rate constant, try 0.001";C4
REM NOW ECHO THE ABOVE TO THE CRT

PRINT:PRINT"L. Maxi num wei ght fraction water in oil = “;C2

PRINT"2. Mousse-viscosity constant = *;Cl



1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120

PRINT"3. Mbusse water incorporation rate constant - “;C4

PRINT: | NPUT" ' Want to change any";ans

TESTS=LEFTS(ANS , 1)

| F TEST$="N" OR TEST$="n" GOTO 1800

| F TESTS="v* OR TESTS$="y" GOTO 1680

PRINT:PRINT"Expected Y€S O NO, re-enter.”

G0ro 1620

NEDIT=1

PRINT: INPUT" " Enter the line # to be changed '; NLINE

| F NLINE>=1 AND NLINE<=3 GOTO 1730

PRINT:PRINT"Expected a number between 1 and 3, re-enter.”

G0ro 1690

ON rLINg GOTO 1740, 1760, 1780

PRINT: INPUT"'Enter the maxinum weight fraction water in oil";c2
G0r0 1590 . .

PRINT: | NPUT''"Enter the nousse-viscosity constant, try 0.65";c1

G0r0 1590

PRINT: 1NeuT"Enter the water incorporation rate constant, try 0.001%;cs
GOro 1590

| F 12=1 GOTO 1820

PRINT: INPUT' ' Enter the oil/water surface tension, dynes/cm try 30";STEN
PRINT:PRINT"0il/water surface tension, dynes/cm = ";STEN “
PRINT:INPUT"Want to change the surface tension";ANS

TEST$=LEFTS (ANS ,1)

| F TEST$="N" OR TEST$="n" GOTO 1910

| F TEST$="Y" OR TEST$="y" GOTO 1890

PRI NT: PRINT"Expected yes Or no, re-enter."

GOTO 1830

NEDIT=1

GOTO 1810

PRINT:PRINT"Characterizing the cuts now.’

REM NOW CHARACTERIZED ALL THE CUTS. |F THE LAST CUT IS RESIDUUM DO NOT
REM CHARACTERI ZE | T BUT USE A VAPOR PRESSURE OF O AND MOLECULAR VEI GHT
REM OF 600.

AMW( NCUTS) =600!

MW (NCUTS )=600!

VP (NCUTS)=0!

REM Nv=1 MEANS NO RESI DUUM PRESENT

REM NV=2 MEANS RESI DUUM | S PRESENT

NV=1

NC1=NCUTS

REM THI S FOR-NEXT LOOP CHARACTERIZES THE CUTS

FOR I=1 TO NCUTS

APIN=API(I)

SPGR(I)=141.5/(API(I)+131.5)

SPGR(I)=. 983*SPGR(I)

TRIN=TB(I)

REM THE RESI DUUM CUT IS | DENTI FIED BY A NORVAL BOLING PO NT OF 850
REM DEG F OR GREATER. LOOP AROUND THE NV-2 SWTCH IF A RESIDUUM I S
REM PRESENT. NC1 IS THE NUMBER OF PSEUDOCOVPONENTS PRESENT WITH FINITE
REM VAPOR PRESSURES.

| F TBIN<850! GOTO 2160



2130

2140
2150

2160

2170

2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430

2440
2450
2460
2470

2480
2490

2500
2510
2520

2530
2540
2550

2560
2570
2580

Nv=2

NC1=NCUTS-1

REM NOW GOSUB TO THE CUT CHARACTERI ZATI ON ROUTI NE
GOSUB 6780

ON NV GOTO 2180, 2640

NS (I)=NSN

A(I)=AN

B(I)=BN

MW (I)=MW1

AMW(I)=MW1

TC(I)=TC1l+459!

VC(1)=VCl

PC(I)=PCl

CNUM(I)=CNUM1

REM FI ND THE TEMPERATURE AT VWH CH THE VAPOR PRESSURE IS 10 MVHG BY
REM USI NG NEWTON-RAPHSON W TH TB AS THE FI RST GUESS.
NC(I)=0

YTEN=SCAL*LOG(.01315/PC(1))

X=(TB(I)+459!)/TC(I)

EX=EXP( -20!*(X-B(I))"2)

Y=-A(I)*(1l! -X)/X-EX

YOBJ=Y-YTEN

VP(I)=PC(I)*10!"Y

TEST=ABS(VP(I) -.01315)

| F TEST<.001315 GOTO 2540

NC(I)=NC(I)+1

| F NC(I)>20 GOTO 2450

DY=A(I)/(X*X)+40!*(X-B(I))*EX

BI=YOBJ-DY*X

X=-BI/DY

GOTO 2320

REM UNSUCCESSFUL EXI T FROM NEWTON-RAPHSON
PRINT:PRINT"T10 FAI LURE FOR “;:

PRI NT USING"#=#";1;

PRINT" AT T = “;

PRI NT USING"## %" """ .X.

PRINT", WHERE LOGLQ(P) = *;

PRI NT USINGU#s.##%""""".:Y

PRINT:PRINT"CODE | S STOPPED HERE.”

END

REM SUCCESSFUL EXIT FROM NEWTON-RAPHSON
T10(I)=X*TC(I)

REM CALCULATE THE HEAT OF VAPCRI ZATION AT 10 MVHG WTH THE
REM crapeyron EQUATI ON AND USE WATSON' S METHCD FOR THE
REM VAPCR PRESSURE BELOW 10 wmmc. SEE camMson AND WATSON,
REM 1944, NATI ONAL PETROLEUM NEWS, R-258 TO R-264.

2590 TR2=T10(I)/TC(I)

2600 EX=92.12%(TR2-B(I))*EXP(-20 1%(TR2-B(I))"2)

2610 HVAP=1. 987+*T10(I)*T10(I)*(2 .303%A(I)/(TR2%TR2)+EX)/TC(I)
2620 HVAP1(I)=HVAP/MW(I)

2630 HVAPZ(I)=HVAP/(1!-TR2)".38

2640

NEXT 1
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2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3110
3120
3130
3140
3150
3160

REM END OF TRUE- BO LI NG PO NT CUTS CHARACTERI ZATI ON

PRINT: PRINT' " Enter the tenperature in deg F for the vapor pressure”;
I NPUT" cal culation’’ ;XSAVE

DEGF=XSAVE

REM TK |I'S THE ABSOLUTE TEMPERATURE | N DEG K

TK=( XSAVE- 32! )/1.8+273!

XPRINT=XSAVE

REM CALCULATE THE ABSOLUTE TEMPERATURE | N DEG RANKINE
XSAVE=XSAVE+4 59!

REM CALCULATE THE VAPOR PRESSURE AT THE | NPUT TEMPERATURE
REM

REM AT THI'S PO NT | F THE | NPUT TEMPERATURE | S LESS THAN

REM THE 10 MVHG TEMPERATURE USE THE WATSON-CLAPEYRON EQUATI ON.
REM THE WATSON- CLAPEYRON EQUATION I S:

REM
REM LN(P2/P1) = (HVAPZ/ (R¥IC) )* | NTEGRAL

REM

REM WHERE r1 = PRESSURE AT TR1, P2 = PRESSURE AT TR2, #varz |S

REM THE HEAT OF VAPORI ZATION AT ABSCLUTE ZERO
REM R = 1.987 BTU/(LBMOLE, DEG R),
REM T¢ = CRITI CAL TEMPERATURE AND 1tnrtEGRAL = VAPORI ZATI ON

REM | NTEGRAL BETWEEN TR1 AND TR2.
REM

FRI =1 TO a1

X=XSAVE

IF %< TIQ(1) GOTO 2960

X=X/TC(I)

EX=EXP( -201*(X-B(I))"2)

Y=-A(I)*(1!-X)/X-EX
VP(I)=PC(I)*10!"Y

GOTO 3160

TR1=X/TC(I)

REM

REM DO | NTEGRAL BY SIMPSONS RULE WTH 21 PO NTS
REM

TR2=T10(I)/TC(I)

DH=(TR2- TR )/ 20!

RESULT=FNYI(TR1 )

TR=TR1

FOR K=l TO 10

TR=TR+DH

RESULT=RESULT+4 {*FNYI(TR)
TR=TR+DH

RESULT=RESULT+2 !*FNYI(TR)

NEXT K

TR=TR+DH

RESULT=RESULT+4 !{*FNYI(TR)
TR=TR+DH

RESULT=DH* (RESULT+FNYI (TR))/3!
Pl=-4.33-HVAPZ(I)*RESULT/(1 .987*TC(I))
VP(I)=EXP(P1)

NEXT |
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3170 BBRL=100!

3180 GOSUB 7790 _ _ o _ _
3190 REM The switch mwscti=1 is left in because it is witten on the files
3200 REM but not currently used (10-31-91).

3210 MUSCTH=1

3220 REM THI S ENDS THE o1L-cHARACTERIZTION SECTI ON, NOW BEG N THE

3230 REM O L- WEATHERING I NPUT DATA.

3240 PRINT: INPUT"'Enter the spill size in barrels";BBL

3250 PRINT: INPUT" ' Enter the nunber of hours for weathering to occur";x2
3260 PRINT: INPUT" ' Enter the wind file name";WPFYL$

3270 PRINT: I NPUT" " Want the slick to spread";ans

3280 NSR=1

3290 TEST$=LEFTS$(ANS,1)

3300 | F TESTS="y" OR TEST$="y" GOTO 3370

3310 | F TEST$="N" OR TEST$="n" GOTO 3340

3320 PRINT:PRINT"Expected Y€S Of NO, re-enter.”

3330 GOTO 3270

3340 NSR=2 _

3350 PRINT: priNT"Since the slick does not Spread, enter @ thickness®;
3360 INPUT" in em";Z ] ]

3370 PRINT:INPUT'Want Weat hering Wi th dispersion";ANS

3380 wnDR=1

3390 TESTS$=LEFTS(ANS,1)

3400 | F TesT$="v" OR TESTS="y" GOTO 3450

3410 | F TeESTS="N" OR TESTS='n" GOTO 3440

3420 PRINT:PRINT"Expected yes or no, re-enter."

3430 GOTO 3370

3440 NDR=2 , _
3450 PRINT:PRINT"1. Spill size, barrels = =
3460 PRI NT USING"#s=.##""""" .BBL

3470 erixrv2. Duration of weathering, hours = *“;
3480 PRI NT USING"s.%";X2

3490 privT*3. Wnd file nane is “;WPFYL$

3500 ox nsr GOTO 3510, 3530

3510 print'4. The slick spreads.”

3520 GOTO 3550 _ o _
3530 erint"4. The slick does not spread, initial thickness, cm=*;
3540 PRI NT USING"###.##";Z

3550 ON NDR GOTO 3560, 3600

3560 rrINT"5. Di spersion occurs.”

3570 eriNt"6. Dispersion rate constant, 1/hr = *;AK
3580 rrInT"7. Dispersion property constant = “;BK
3590 GOTO 3610 _

3600 erinT"s. Di spersion does not occur.”

3610 PRINT:INPUT"Want tO change any";ANS$

3620 TEST$=LEFTS(ANS,1)

3630 | F TEST$="N" OR TEST$="n" GOTO 3990

3640 | F TEST$="Y" OR TEST$="y" GOTO 3670

3650 PRI NT: PRINT"Expected yes Or no, re-enter.”
3660 GOTO 3610 _

3670 PRINT: INPUT"'Enter the line # to be changed ' ;NLINE
3680 | F rLine>=1 AND KLINE<=7 GOTO 3710
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3690 PRINT:PRINT"Expected a nunber between 1 and 7, re-enter.”

3700 GOTO 3670

3710 ON NLINE GOTO 3720, 3740, 3760, 3780, 3860, 3950 , 3970 .
3720 PRI NT: INPUT"Enter the spill size, barrels”;BBL

3730 GOTO 3450

3740 PRINT: INPUT "Enter the duration for weathering, hours";X2
3750 QOTO 3450

3760 PRI NT: INPUT"Enter the wind file name"“ ; WPFYL$

3770 GOTO 3450

3780 PRINT:INPUT" ' Want the slick to spread";aN$ \
3790 NSR=1

3800 TESTS$=LEFTS(ANS,1)

3810 | F TESTS="Y" OR TESTS$="y" GOTO 3450 ]
3820 NSR=2

3830 PRINT:PRINT"Since the slick does not spread, enter a thickness”;

3840 INPUT" in em";2

3850 GOTO 3450

3860 PRINT:INPUT"Want weathering to occur with dispersion”;AN$

3870 NDR=1

3880 TESTS=LEFTS$(ANS,1)

3890 | F TEST$="Y" OR TEST$="y" GOTO 3450

3900 | F TESTS$="N" OR TEST$="n" GOTO 3930

3910 PRINT:PRINT"Expected yes Or no, re-enter." i
3920 GOTO 3860

3930 NDR=2

3940 GOTO 3450

3950 PRINT: INPUT" ' Enter the dispersion rate constant, 1/hr";ak

3960 GOTO 3450

3970 PRINT: INPUT "Enter the dispersion property constant®;BK ‘
3980 GOTO 3450

3990 REM NOW CALCULATE THE REST OF THE O L WEATHERI NG | NPUT PARAMETERS _
4000 GOSUB 7790 :
4010 REM This section of the code asks for start, stop and loopback \
4020 REM indices for use in the wind file.

4030 CLS

4040 PRINT:PRINT"You shoul d have a copy of the wi nd-speed file, if not,”; I
4050 PRINT” get one”

4060 PRINT"by using WSPRINT.BAS"

4070 PRINT: INPUT' "Enter the starting wind-speed entry # you want to use";IVsl

4080 PRINT: INPUT''Enter the |ast w nd-speed entry # you want to use";Ius2

4090 PRINT: INPUT"'Enter the |oop-back entry #v:1ws3

4100 privt:PRINT"1. The starting wi nd-speed entry # is > *;1usl

4110 prnr*2. The last wind-speed entry # is >>>>> »;INs2

4120 pivT"3. The | oop-back entry # is >>>>>>>>>>> ».1us3

4130 PRINT: INPUT' " Are these ok and do they really fit in the specified file";ans

4140 TESTS$=LEFTS(ANS,1)

4150 | F TESTS="y" OR TESTS$="y" GOTO 4300

4160 | F TEST$="N" OR TEST$="n" GOTO 4190

4170 PRINT:PRINT"Expected Y€S Or N0, re-enter.” :
4180 GOTO 4130

4190 PRI NT: 1NpuT"Which |ine nunber do you want tO change";LCHANGE

4200 | F vrcuanee>=1 AND LcHaNGE<=3 GOTO 4230



4210 PRINT:PRINT"Expected a number between 1 and 3, re-enter.”
4220 GOTO 4190

4230 ON LCHANGE GOTO 4240, 4260, 4280

4240 PRINT: INPUT" ' Enter the new starting w nd-speed entry #";IWsl
4250 GOTO 4100

4260 PRINT: INPUT"’ Enter the (new) |ast w nd-speed entry #";IWs2
4270 GOTO 4100

4280 PRINT:INPUT"’ Enter the |oop-back entry #";IWs3

4290 GOTO 4100

4300 REM Read in the specified wind speed file and create the one that
4310 REM the oil-weathering routine uses. This use file is a table
4320 REM consisting of an identification string, then on the next
4330 REM | ine |1 STOP and LBACK, then the table entries which are
4340 REM wind speed in neters/second and duration in hours.

4350 OPEN “1'', ,#1,WPFYL$

4360 | NPUT #1, WwSID$

4370 | NPUT #1, INDEX1

4380 INDEX1=~INDEX1-1l

4390 FOR | = 1 TO INDEX1

4400 | NPUT #1, WS1(I),HOURSL1(I)

4410 NEXT |

4420 CLOSE #1

4430 ISTOP=IWS2-IWS1+l

4440 LBACK=IWS3-IWS1l+l

4450 OPEN "O* ,#1,"ZYXWIND.ASC"

4460 PRI NT #|l, WPFYL$

4470 PRI NT #1, IWS1,IWS2,IWS3

4480 PRI NT #l, wWSID$

4490 PRI NT #l, ISTOP,LBACK

4500 FOR I =1 TO | STOP

4510 IDX=I+IWS1l-1

4520 PRI NT *1, WS1(IDX),HOURS1(IDX)

4530 NEXT |

4540 CLOSE #1

4550 ON NSR GOTO 4590, 4560

4560 SPREAD=O

4570 2=Z/100!

4580 GOTO 4610

4590 SPREAD=1!

4600 Z=.02

4610 VOLUM-O

4620 FOR I = 1 TO NCUTS

4630 VOLUM=VOLUM+AMOLES(I)/RHO(I)

4640 NEXT I

4650 VOLUMB=VOLUM . 159

4660 AREA=VOLUM Z *

4670 DIA=SQR(AREA/.785)

4680 TEMP=(.000082)* TK

4690 REM The variable TERML was multiplied by the wind speed in meters
4700 REM per hour raised to the 0.78 power iNn the constant-wind speed
4710 REM version of the oil-weathering nodel.

4720 TERM1=.015



A-12

4730
4740
4750
4760
4770
4780
4790
4800
4810
4820
4830
4840
4850
4860
4870
4880
4890
4900
4910
4920
4930
4940
4950
4960
4970
4980
4990
5000

| F SPREAD=0 GOTO 4760

TERMR=DI A'(-. 11)

QOrO 4770

TERM2=_65

AKH=TERML* TERM2

FOR I =1 TO Rc1

AMTCA(I)=AKH*, 93*SQR((AMW(I)+29 !)/AMW(I))

AMTC(1)=AMTCA(I)/TEMP

NEXT 1

SPGRB=141.5/(APIB+131.5)

AMASS=. 1582*BBL*SPGRB

REM The viscosity is scaled from the viscosity-reporting tenperature
REM to the weathering tenperature.

REM In the old code the reporting tenperature was al ways 298 and
REM 1/298 = 0.0033557

VISCTERM=1!/(VISZT+273!)
VSLEAD=VI SZ* EXP( VK3* (I ! / TK- VI SCTERV )
ON NDR GOTO 4950, 4910

FRACTS=0!

GOTO 4960

REM The following termnust al so be w nd dependent, the function
REM i s AK*(1+WINDMS)"2

FRACTS=AK

Xp=1

X1=0!

NCUTS1=NCUTS+1

AMOLES (NCUTS1)=AREA

| F ¢2>0t GOTO 5030

5010 C2R=0

5020
5030

GOTO 5040
C2R=1!/C2

5040 REM NOW VRI TE AN | NTERMEDI ATE DI SK FILE FOR | NPUT TO THE .EXE ROQUTI NE,

5050
5060
5070
5080
5090
5100
5110
5120
5130
5140
5150
5160
5170
5180
5190
5200
5210
5220
5230
5240

REM VWRI TE THE BRKG4 CALLI NG ARGUMENTS AND COVMON BLOCKS.

OPEN “O', *1, "ZYXWVU.ASC"®

PRI NT #1, NCUTS,TMES

PRI NT %1, DTES

PRINT *1, X1,X2,XP,FRACTS,STEN,BK

PRINT #1, Z, TERM2, SPREAD, C1, C2R

PRI NT #1, C4, AREA, VSLEAD, VK4

FOR 1 =1 TO NCUTS

PRI NT #1, AMOLES (I),AMTC(I),VP(I),RHO(I) ,AMW(I),SPGR(I)

NEXT |

CLOSE #1

REM WRI TE THE 0IL-CHARACTERIZATION DATA TO A DISK, FILE IF IT WAS
REM ENTERED BY HAND

REM I F 1Z=2, SAVE IT FOR SURE

REM | F NEDIT=1, ASK IF IT IS TO BE SAVED

IF 1Z=2 GOTO 5250

| F NEDIT=0 @GOTO 5600

PRI NT: INPUT"SINCE THE | NPUT FILE WAS EDI TED, WANT TO SAVE IT";ANS
TESTS=LEFTS (ANS,1)

| F TESTS="N" GOTO 5600



5250
5260
5270
5280
5290
5300
5310
5320
5330
5340
5350
5360
5370
5380
5390
5400
5410
5420
5430
5440
5450
5460
5470
5480
5490
5500
5510
5520
5530
5540
5550
5560
5570
5580
5590
5600
5610
5620
5625
5630
5640
5650
5660
5670
5680
5690
5700
5710
5720
5730
5740
5750

PRINT:PRINT" Enter a NEWFile Nane to store this oil-characterization” ;
PRI NT” data”

| NPUT PFYL2$

OPEN “O', #1, PFYL2S

PRI NT #1, MWSCTH

PRI NT #1, CNAMES

PRI NT #1, USING"##";NCUTS

FOR|l = 1 TO RCUTS

PRI NT #1, USING"s##s#" ;TB(I);

PRINT #,"",";

PRI NT #1, USING"###.#" ;API(I);

PRINT #,"",";

PRI NT #1, USING"###.%" ;VOL(I);

NEXT I

REM START A NEW LI NE

REM The viscosity term bel ow nmust be stored at a reporting tenperature
REM of 25 Deg C. (77 Deg F.), note that 1/298 = 0.003357
| F VI SZT=25! GOTO 5440

VISZ=VISZ*EXP(VK3*( . 0033557-1!/(VISZT+298! )))

PRI NT #1, USING"###.#" ;APIB;

PRINT #1,"", "

PRI NT #1, USING"#%.%# " VISZ;

PRI NT #1,",";

PRI NT 21, USING"##, #:""""" .VK3;

PRINT *1,'",";

PRI NT #1, USING"##.#=""""" ;VK&

REM START A NEW LI NE

PRI NT #1, USING"#.##";C2; “

PRINT #,"",":

PRI NT #1, USING"#.##";Cl;

PRINT #l,'","; ann

PRI NT #1, USING"s#.## " Ch;

PRINT %4, ", ";

PRI NT #1, USI NG *. #";STEN

CLOSE #1

REM NON WRI TE THE O L- CHARACTERI ZATI ON QUTPUT ( CALCULATED RESULTY)

REM TO THE DISK. TH'S FILE IS TO BE PRINTED AS THE 80- COLUMN OUTPUT
REM FI LE BY PRT80A.BAS

PRI NT

INPUT"Enter a file name for the characterization output £file";PFYL3$
OPEN “O', #1, PFYL3$

PRI NT #1, MWSCTH,TMES

PRI NT #1, DTE$

PRI NT #1, CNAMES

PRI NT #1, CODEN$

PRI NT #1, USING"##";NCUTS

FOR | = 1 TO NCUTS

GMS=AMOLES (I) *MW(I)

V=MW (1) o

PRI NT #1, USING"##.%= " JAMOLES (|);

PRINT %,"",":

PRI NT #1, USING"##.##

AAAAY

;GMS;
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5760 PRINT #l,6'", ";

5770 PRI NT #1 USING s, ## ™ {VP(I);
5780 PRINT #l,6'", ";

5790 PRI NT #l USING"## AR CTB(T)
5800 PRINT *1,'',":

5810 PRI NT #1, USING"#% .#=""""" .API(I) :
5820 PRINT #l,'',";

5830 PRI NT "1 USING“###";IMW

5840 NEXT |

5850 REM START A NEW LI NE

5860 PRI NT #1, USING"##s#.#" ;APIB;

5870 PRINT #l,'',";
5880 PRI NT #1 USING™## . 4% " "n :VISZ;
5890 PRINT #l,'", ";
5900 PRI NT #I USING"s## . %2 "0 1VK3;
5910 PRINT #l,'",";

5920 PRI NT *—1 USING s, #g™ """ n 1 VK4
5930 REM START A NEW LI NE

5940 PRI NT #1, USING"#.#&";C2;

5950 PRINT #l,'",":

5960 PRI NT #l USING“#.##";Cl;

5970 PRINT #,'",";

5980 PRI NT ”l USING"## =
5990 PRINT #l,"",";

6000 PRI NT w-l USING"#.#“; STEN
6010 REM START A NEW LI NE

6020 PRI NT %1, USING"s#.##""""" .BBL;
6030 PRINT *I,'",":

6040 PRI NT frl USING"###.#" :WTMOLE;
6050 PRI NT al,n,n.

6060 PRI NT #1, USING"s#.#";DEGF
6070 REM START A NEW LI NE

6080 PRI NT 21, USING"=# =& """ " .aAK;
6090 PRINT °4,'".":

AAAAY

;C4

A/\AI\"

6100 PRI NT #1, USING"#% . #% :BK
6110 CLOSE #1

6111 REM This is the end of the code.
6770 END

6780 REM TH S SUBROUTI NE CHARACTERI ZES A CUT OF CRUDE O L W TH RESPECT
6790 REM TO VAPOR PRESSURE. THE INPUT REQU RED IS APl GRAVITY AND THE
6800 REM BOI LING PO NT AT 1 ATMOSPHERE. THE QUTPUT IS A SWTCH NS
6810 REM WHERE NS=1 MEANS THE VAPOR PRESSURE EQUATI ON CAN BE USED DOWN TO
6820 REM 10 MMHG AND NS=2 MEANS THE CLAPERYON EQUATI ON SHOULD BE USED.
6830 REM

6840 REM THE VAPOR PRESSURE EQUATION | S:

6850 REM

6860 REM LOGIQ(PR) = -A*(l.-TR)/TR - EXP(-20%(TR-B)"2)

6870 REM

6880 REM WHERE PR = REDUCED PRESSURE, TR = REDUCED TEMPERATURE AND
6890 REM A AND B ARE RETURNED BY TH S SUBROUTI NE.

6900 REM

6910 REM APl = GRAVITY, TB = BO LING PO NT AT 1 ATMOSPHERE | N DEG F.



6920
6930
6940
6950
6960
6970
6980
6990
7000
7010
7020
7030
7040
7050
7060
7070
7080
7090
7100
7110
7120
7130
7140
7150
7160
7170
7180
7190
7200
7210 A
7220 GOT
7230
7240
7250
7260
7270
7280
7290
7300
7310
7320
7330
7340
7350
7360
7370
7380
7390
7400
7410
7420
7430

REM NOW CALCULATE CRI Tl CAL TEMPERATURE AND MOLECULAR VEI GHT.
REM
API2=APIN*APIN
TB2=TBIN*TBIN
CROSS=API N*TBI N
ON nv GOTO 6980, 7240
Iy=1
| F TBIN>500! THEN Iv=2
MW1=CZ(IY,1)+CZ(IY, 2)*TBIN+CZ(IY ,3)*APIN+CZ(1Y, 4)* CROSS+CZ(1Y, 5)*TB2
MW1=MW1+CZ(IY ,6)*API2
TCL=TZ(IY,1)+TZ(IY, 2)*TBIN+TZ(IY, 3)*APIN+TZ(IY, 4)* CROSS+TZ(1Y, 5)*TB2
TC1l=TCl+TZ(IY ,6)*API2
TCK=(TC1+4591)/1 . 8
REM CALCULATE THE CARBON NUMBER
cvuMl=(wi-2t )/ 14!
X=SCAL*LOG ( CNUM1
REM CALCULATE B FOR THE VAPCOR PRESSURE EQUATI ON
BPRIME=PZ(1)+X* (PZ(2)+X*(PZ(3)+X*PZ(4) ))
BN=BPRIME- .02
REM CALCULATE THE CRI TI CAL VOLUME, CC/ MOLE
VW=1.88+2. 44*CNUM1
VC1=VW/.044
REM CALCULATE THE CRITICAL PRESSURE |N ATMOSPHERES
PCP=20.8*TCK/ (VC1-8!)
PC1=PCP+10!
TR=(TBIN+459! ) /(TCL+459!)
PR=1!/PCl *
NSN=1
I F TR<BN GOTO 7230
E)SCAL* LOG PR) +EXP(- 20! *(TR-BN) ~ “2))*TR/(TR-1! )
7240
NSN=2

RETURN
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rRev THI'S SUBROUTINE EDI TS AND THEN VOLUME NORMALI ZES THE TBP | NPUT DATA

REM DI SPLAY THE DATA

PRINT:PRINT"Cut # Boiling poi nt AP Vol %
FOR 1=1 TO ncuTS

PRI NT  USING"#w=";I;

PRINT” v,

PRINT USING"s#=" ;TB(I);

PRINT e

PRI NT USING"##.#" ;API(I);

PRI NT" *;

PRINT USING"##.#" ;VOL(I)

NEXT |

PRINT:INPUT"Want t 0 change any";ANS$
TEST$=LEFT$ (ANS | 1)

| F TEST$="N" OR TEST$="n" GOTO 7560

| F TEST$="Y" OR TEST$="y" GOTO 7430

PRI NT: PRINT"Expected yes Or no, re-enter."
GOro 7370

PRINT :INPUT" " Enter the cut # to be changed";J
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7440 PRINT: PRINT' 'Enter 1 to change boiling point, 2 to change ar1, 3 to";
7450 |NPUT" change vol % ;K

7460 1F k=1 OR x=2 OR K=3 GOTO 7490

7470 PRINT:PRINT"Expect 1, 2 or 3 to be entered, re-enter.”
7480 GOTO 7430

7490 ON K GOTO 7500, 7520, 7540 o o

7500 PRINT. INPUT""Enter the new boiling point in deg F;18(J)
7510 GOTO 7270

7520 PRINT:. INPUT" ' Enter the new API";aPI(J)

7530 GOTO 7270

7540 PRINT: INPUT" ' Enter the new Vel %*;VOL(J)

7550 GOTO 7270

7560 REM RENORMALI ZED THE VOLUME %

7570 VTOT=0!

7580 FOR 1=1 TO NCUTS

7590 VTOT=VTOT+VOL(I)

7600 NEXT 1

7610 FOR 1=1 TO xcurs

7620 VOL(I)=100!%VOL(I)/VTOT

7630 NEXT | o . .

7640 REM Now check to see that the boiling points increase, if not,
7650 REM correct them from 40-mm Hg to 760- nm Hg.

7660 FOR 1 = 2 TO ncurs

7670 | F T8(I)<TB(I-1) GOTO 7710

7680 NEXT 1

7690 REM If an exit occurs fromthis for-next |oop, Nho correction is required.

7700 GOTO 7780

7710 REM This is the 40-mm Hy to 760-mm Hg correction, on 10-9-91.
7720 IROIL-I

7730 FOR | = IBAL TO NCUTS

7740 REM Check for the 850 degrees F residuum fraction, do not scale it!
7750 | F TB(I)=850! GOTO 7770

7760 TB(I)=142.69+TB(I)*(1.1077+TB(I)*  0000519)

7770 NEXT |

7780 RETURN

7790 REM TH' S SUBROUTI NE CALCULATES INITI AL cra MOLES FOR EACH CUT AN
7800 REM A wMean MOLE AEI GHT

7810 BM=.159%BBL

7820 TMOLES=0

7830 FOR | =1 TO KcuTs

7840 AMASS=15821*SPGR(I)*BBL*VOL(I)

7850 AMOLES (I)=AMASS/MW(I)

7860 TMOLES=TMOLES+AMOLES(I)

7870 REM RHO IS THE DENSI TY I N GM MOLES/ CUBI C METER

7880 RHO(I)=100!*AMOLES(I)/(BM*VOL(I) )

7890 NEXT |

7900 REM CALCULATE THE weayx MOLE WEI GHT OF THE CRUDE

7910 wTMOLE=0!

7920 FOR | = 1 TO NCUTS

7930 WTMOLE=WIMOLE+MW(I)*AMOLES(I)/TMOLES

7940 NEXT |

7950 RETURN
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7960 REM This subroutine allows the user to enter the viscosity in
7970 REM in centipoise or Saybolt Seconds.

7980 CLS _ _

7990 PRINT: PRINT"Which Vi SCOSitYy units are to be entered, centipoise(c) Or”;
8000 | NPUT” saybolt Seconds(S)";ANS

8010 TESTV$=LEFTS(ANS,1)

8020 | F tESTvs="c" OR TESTVS="c" GOTO 8060

8030 | F tEsTV$="s" OR TESTV$="s" GOTO 8080

8040 prINT:PRINT"Expected Centipoise or Saybolt Seconds, re-enter.”
8050 GOTO 7990 _ _ o

8060 PRINT: 1NpuT"Enter the bul k viscosity, centipoise ";Visz

8070 GOTO 8090 _ _

8080 PRINT: INPUT''Enter the bulk viscosity, saybolt Seconds ";visz
8090 RETURN
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Appendi x B: O LWND Source Code Listing (Version of 1-31-92 @ 0759).

100
110
120
130
140
150
160
165

170
171
172
180

181
190

200

210
220
230
240
250
260
270
280
290
300
310
311

312
313
314
315
320
330
340
350
360
370
380
390
391
392
393
394
395
403
404
405
406
407

408

DEFINT | -N

DI M Y(20),AMTC(20),VP(18),RHO(18) ,AMW(18),SPGR(18),YSAVE(20) ,YARG(20)
DI M YMSAVE(20) ,AMWU(20),AK1(20) ,AK2(20),AK3(20) ,AK4(20),YF(20) ,¥YM(20)
DI M ¥M1(20),AK(20),TMPVP(20),TMPDS (20),WS1(340),HOURS1(340)

DEF FNWF(W)=(11!-C2*WY*EXP(-2.5%W/(1 1-C1*W))

DEF FNXS(W)=EXP(2.5*W/(1!-Cl*W) )

WSAVE=-1!

C4SAVE=-11

WCONTENT=0 |

CODES="0ILWIND.BAS"

VER$="1-31-92 @ 0759"

CLS

PRI NT TIMES

REM THS IS THE MAIN O L- WEATHERI NG CODE, CODE NAME | S" OILWHER.BAS
REM READ IN THE INPUT DISK FILE TO GET GO NG

OPEN “1”", #1, "ZYXWVU.ASC"
| NPUT #1, NEQ,TMES
| NPUT #l|, DTES

| NPUT #|, X1,X2,XP,FRACTS,STEN,AKB

I NPUT #1, Z, TERM2, SPREAD, C1, C2

NEQ1=NEQ+1

| NPUT #1, C4,Y(NEQLl),VSLEAD,VK4

FORI =1 TO NEQ :

| NPUT #1, Y(I),AMTC(I),VP(I) ,RHO(I),AMW(I) ,SPGR(I)

NEXT |

CLOSE #1

REM Note, the changes of Septenber 3, 1991 are variable w nd speed.
REM The mass transfer coefficient in AMIC(I) nust now be nultiplied
REM by the wind speed in neters/hour raised to the 0.78 power. The
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REM wi nd speed is read in in meters/second and the duration is in hours.

REM Also, FRACTS nust be multiplied by (1+m/s)”"2.

REM THE FIRST NCUTS=NEQ POSITIONS IN THE Y VECTOR ARE THE MOLES
REM OF THE COVPONENTS, POSITION NEQ+l IS THE AREA OF THE SLICK,
REM POSI TI ON NEQ+2 | S THE MASS LOST FROM THE SLI CK BY DI SPERSI ON
REM ALONE, POSI TI ON NEQ+3 | S THE MASS LOST FROM THE SLI CK BY

REM EVAPORATION ALONE. NS IS A ROUTING SWTCH TO CHANGE THE PRI NT
REM I NTERVAL, IN IS AN INPUT ROUTING SWTCH TO DELETE THE RAPIDLY
REM CHANG NG COVPONENTS. GONE |'S THE MASS FRACTION RENAI NI NG AT A
REM TIME STEP. |ITN IS A SWTCH TO | NDI CATE WHEN THE | NTEGRATI ON HAS
REM STARTED. INT=1, NOT STARTED, INT=2, STARTED.

REM Read in the w nd-speed information.

OPEN “1", #l1, "ZYXWIND.ASC"

| NPUT #1, WPFYL$S

| NPUT #1, IWS1,IWS2,IWS3

| NPUT #1, WSID$

I NPUT *1, ISTOPW, LBACKW

FOR |1 =1 TO ISTOPW

| NPUT #1, WS1(I),HOURS1(I)

NEXT |

CLOSE #1



410
411
418
419
420
421
422
423
424
425
426
427
436
437
438
439
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720.
730
740
750
760
770
780
790

REM This is the initial setup for the variable wnd speed use.
REM Initialize the wnd-index counter.

IWIND=1

WCHANGE=HOURS | (1)

WTERM1=(3600!*WS1(1))".78

FORI = 1 TO NEQ

AMTC(I)=AMTC(I )*WTERM1

NEXT |

WTERMF1=(1!+WS1(1))"2

FRACTS=FRACTS*WTERMF1

REM And finally calculate WNDS in knots for the nousse routine.
W NDS- 1. 944*WS1(1)

REM This is the end of the variable-wind initialization.

ITN=1

ITYP=1

NLINE=0

NEQl=NEQ+1

NEQ2=NEQ+2

NEQ3=NEQ+3

NS=1

IN=1

IKEEP=1

GONE=1 !

DISPER=0!

REM TOTAL |'S THE I NI TIAL NUMBER OF MOLES, TSAVE IS THE I NI TI AL MASS
TOTAL=0 !

TSAVE=0!

REM ¢caLcULATE AND SAVE THE | NI TI AL CONDI TI ONS

FOR1 =1 TO NEQ

YSAVE(I)=Y(I)

YMSAVE(I)=Y(I)*AMW(I)

AMWU(I)=AMW(I)

TSAVE=TSAVE+YMSAVE (1)

TOTAL=TOTAL+Y( | )

NEXT 1

REM SAVE THE INITIAL AREA

YMSAVE(NEQ1l)=Y (NEQl)

REM I NI TI ALI ZE THE MASS LOST BY DI SPERSI ON ALONE AND EVAPORATION ALONE
Y(NEQ2)=0!

Y(NEQ3)=0!

REM NDEL |'S THE NUMBER OF COVPONENTS DELETED BECAUSE THEY EVAPORATE
REM TOO FAST. NFAST | S THE CURRENT ARRAY LOCATI ON OF THE FASTEST MWVI NG
REM COVPONENT.

NDEL=0

NFAST=0

X=X1

REM | NI TI ALI ZE THE PRINT SWTCH TO FORCE A PRI NT AND SUBSEQUENT
REM CALCULATIONS THE FIRST TIME THROUGH.

XW=-11

OPEN “O', #1, "OIL132.ASC"

PRI NT #1, NEQ TSAVE, TME$

PRI NT #1, DTES$



800 FOR I=1 TO NEQ
810 PRINT #1, Y(I),YMSAVE(I)
820 NEXT |

830 REM CALCULATE DY/DX AND SET THE TI ME STEP TO APPROXI MATE A 5% CHANGE
840 REM | N THE MOST RAPIDLY CHANG NG Y. WHEN THI S Y DECREASES BY A FACTCR
850 REM OF 20, RESET THE STEP S| ZE ACCORDI NG TO THE NEXT Y. SOME Y'S WLL
860 REM CHANGE SO FAST THAT THEY WLL BE GONE IN A FEW M NUTES. THESE ARE
870 REM DELETED BEFCRE | NTEGRATI ON STARTS AND NOTED N THE PRI NTED RESULTS.
880 REM | NI TIALI ZE THE | NCREMENT NFAST,

890 NFAST=NFAST+1

900 REM CALCULATE THE DERI VATI VES.

910 ID=1

920 FOR | = 1 TO NEQL

930 YARG(I)=Y(I)

940 NEXT |

950 GOSUB 3330

960 REM THE TIME UNIT I8 HOUR SET THE STEP SI ZE TO H=0.05*Y/(DY/DX)

970 He.05%Y(NFAST) /AKL (NFAST)

980 YOLD=Y{(NFAST)

990 H=ABS (H)

1000 H2=H/2!

1010 ON IN GOTO 1050, 1430

1020 REM | F THERE IS A RAPIDLY MOVING COVPONENT AT THE BEG NNING | TS

1030 REM STEP SIZE WLL BE VERY SMALL, DO NOT LET THE STEP SIZE BE LESS
1040 REM THAN 0. 05 HOUR

1050 I F B>.05 GOTO 1390
1060 REM Y(NFAST) CHANGES TOO FAST TO CALCULATE, DELETE IT AND MOVE
1070 REM EVERYBODY ONE SPACE TO THE LEFT. WHEN YOU MOVE THE AREA BE

1080 REM SURE AND SUBTRACT THE CONTRI BUTI ON OF THE CUT JUST DELETED.
1090 ISTART=1

1100 NFAST=1

1110 NDEL=NDEL+1

1120 REM DECREASE THE NUMBER OF COVPONENTS BY 1
1130 NEQ=NEQ-1

1140 NEQ1=NEQ+1

1150 NEQ2=NEQ+2

1160 NEQ=NEQ+3

1170 NEQ4=NEQ+4

1180 AD=Y(1)/RHO(1)/Z
1190 REM SH FT THE ARRAYS
1200 FOR | = 1 TO NEQ
1210 Il=I+l

1220 ¥Y(I)=Y(I1)

1230 vP(I)=VP(Il)

1240 AMTC(I)=AMTC(Il)
1250 YSAVE(I)=YSAVE(I1)
1260 RHO(I)=RHO(I1)

1270 AMWU(I)=AMWU(I1l)
1280 YMSAVE(I)=YMSAVE(Il)
1290 NEXT |

1300 REM BE SURE AND DO THE LAST THREE POSI TI ONS WHEN SHI FTI NG
1310 Y(NEQl)=Y(NEQ2)-AD
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1320 Y(NEQ2)=Y(NEQ3)

1330 Y(NEQ3)=Y(NEQ4)

1340 REM THE | CODE PARAMETER TELLS THE PRI NT ROUTINE WHAT IS TO BE READ NEXT.
1350 1CODE=1

1360 PRI NT #1, | CODE

1370 PRI NT #1, NDEL

1380 GOTO 910

1390 1IN=2

1400 NEQ1=NEQ+1

1410 NEQ2=NEQ+2

1420 NEQ3=NEQ+3

1430 IF B>.5 THEN H=.5

1440 ICODE=2

1450 PRINT #1, | CODE

1460 PRI NT %1, H,NFAST

1470 Fx<xw GOTO 2250

1480 REM PRI NT | NTERVEDI ATE RESULTS.

1490 1CODE=3 _ . . .
1491 REM In order to get a good-looking print, check for the first time .
1492 REM through when XW= -1, reset XWto O

1493 IF XW= -1 THEN X\W= O

1500 XW=Xw+XP

1510 YTOT=0

1520 TMAS s=0 !

1530 FOR 1 = 1 TO NEQ

1540 YF(I)=Y(I)/YSAVE(I)

1550 YTOT=YTOT+Y(I)

1560 YM(I)=Y(I)*AMWU(I)

1570 YM1(I)=YM(I)

1580 TMASS=TMASS+Y¥YM(I)

1590 YM(I)=YM(I)/YMSAVE(I)

1600 NEXT |

1610 ¥M1(NEQ1)=Y(NEQl

1620 REM CALCULATE THE MEAN MOLE WEIGHT OF THE O L REMAINING IN THE SLICK
1630 WWVEANS=0

1640 FOR I = 1 TO NEQ

1650 WMEANS=WMEANS+AMWU (I)*Y(I)/YTOT

1660 NEXT |

1670 PRI NT %1, | CODE

1680 PRI NT #1, X,NEQ

1690 PRINT"TIME = “;

1691 PRI NT USING"###.%#";X;

1700 PRINT”, MASS FRACTI ON REMAI NI NG=":

1701 PRI NT USING"#%.###":GONE

1710 FORI =1 TO NEQ

1720 PRI NT #1, YM(I),¥M1(I)

1730 NEXT |

1740 CHECK=TMASS+Y(NEQ2 )+Y(NEQ3)

1750 PRINT %1, TMASS,Y(NEQ2) ,Y(NEQ3),CHECK,WS1(IWIND)
1760 REM WHEN THE FRACTION REMAI NING OF COMPONENT 1 GETS LOW SET I TS VAPOR
1770 REM PRESSURE AND MOLES EQUAL TO ZERO

1780 FOR | = I START TO NEQ
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1790 | F yr(1)>1E-08 GOTO 1830

1800 IKEEP=I+1

1810 ve(I)=0!

1820 y(1)=0!

1830 NEXT 1

1840 1START=IKEEP

1850 NFAST=IKEEP

1860 GONE=TMASS/ TSAVE

1870 2zP=z*100!

1880 PRI NT #1, GONE,Y(NEQl),ZP,WMEANS

1890 REM CALCULATE THE MOUSSE

1900 GOSUB 3730

1910 REM viscer |S THE VI SCOSITY OF THE PARENT O L WTH NO WATER | NCORPCRATED.

1920 REM viscel |S I N CENTI PO SE, FEVAP IS THE FRACTION OF O L EVAPORATED.

1930 REM NOTE THAT FEVAP IS NOT 1i-(FracTION REMAI NI NG BECAUSE DI SPERSI ON

1940 REM LOSSES WOULD BE | NCLUDED. THE FRACTION EVAPORATED MJUST BE CORRECTED

1950 REM FOR THE LCSS DUE TO DI SPERSI ON.

1960 FEVAP=1!-GONE

1970 FEVAP=FEVAP/ YM NEQ

1980 vISCP1=VSLEAD*EXP(VK4*FEVAP)

1990 REM VTERM IS THE VI SCOSI TY MULTIPLI ER RETURNED FROM THE MOUSSE ROUTI NE.

2000 vISCP=VISCP1*VTERM

2010 REM CALCULATE THE BULK SPGR.

2020 BSPGR=0!

2030 FOR | = I START TO NEQ

2040 BSPGR=BSPGR-+SPGR(I)*Y(I)/YTOT

2050 NEXT |

2060 VISQT=SQR(VISCP/10!)

2070 REM CALCULATE THE DI SPERSI ON FACTOR.

2080 FB=1!/(1!+AKB*VISQT*Z*STEN/ , 024)

2090 DISPER=FRACTS*FB

2100 PRI NT #1, w,viscp,DISPER

2110 cVOLUM=Y(NEQl)*Z

2120 TBBL=CVOLUM/.159

2130 CVOLUM=(1000000! )*CVOLUM

2140 CSPGR=TMASS/CVOLUM

2150 WAREA=(1000000! y*Z*xCSPGR

2160 WDI SP=WAREA* DI SPER

2170 | F 118=1 THEN ERATE=0

2180 ERATE=ERATE/Y(NEQl)

2190 PRI NT %1, WAREA, CSPGR,TBBL,WDISP,ERATE

2200 ON NS GOrO 2210, 2250

2210 | F 3«50 GOTO 2250

2220 NS=2

2230 xp=10!

2240 REM TAKE A STEP.

2250 XARG=X

2260 FOR'1 = 1 TO NEQB

2270 YARG(I)=Y(I)

2280 NEXT |

%%%OO REM ITN IS SET TO 2 TO | NDI CATE THE | NTEGRATI ON WAS STARTED.
ITN=2
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2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
2750
2760
2770
2780
2790
2800
2810
2820

| D=l

GOSUB 3330

XARG=X+H2

FORI = 1 TO NEGB

YARG (1)=Y(I)+H*AK1(I)/2!

NEXT |

ERATE=AK1( NEQ)

| D=2

GOSUB 3330

FOR | = 1 TO NEGB

YARG (I)=Y(I)+H*AK2(I)/2!

NEXT |

| D=3

GOSUB 3330

XARG=X-+H

FOR| = 1 TO NEGB

YARG (I)=Y(I)+H*AK3(I)

NEXT |

ID=4

GOSUB 3330

FOR | = 1 TO NEGB
Y(I)=Y(I)+H*(AKL(I)+2 1% (AK2(I)+AK3(I) )+AK4(I)) /6!
NEXT |

REM | F 10% BY MOLES OR LESS OF THE SLICK IS LEFT, STOP THE CALCULATI ON
REM BECAUSE STRANGE THINGS HAPPEN CLOSE TO ZERO
REMAIN=0!

FOR | = 1 TO NEQ

REMAIN=REMAIN+Y (1)

NEXT I

TEST=REMAI N TOTAL

| F TEST>.1 GOTO 2640

REM TOTAL MOLES |'S LESS THAN 10% STCP
GOTO 3080

REM RECALCULATE THE OVER- ALL MASS- TRANSFER COEFF| C| ENTS CUTS| DE
REM THE DERI VATIVE SUBROUTINE. THE DIAVETER DEPENDENCE |S VERY

REM SLOW. TErM2 | S THE QLD bp1a*¢-0.11). SO DI VI DE THE oLp ;
REM COEFFI CIENT BY TERVMR AND MULTIPLY IN THE NEW ONE.

REM WHEN YOU CHANGE THE WND SPEED WTH RESPECT TO TI M,

REM CHANGE THE Mass-TRansFER COEFFI Cl ENT HERE. DI VI DE '
REM QUT THE OLD WND TERM AND MULTIPLY IN THE NEW ONE.

REM ALSO, |F THE TteMPERATURE CHANGES, RECALCULATE THE

REM VAPCR PRESSURE HERE. TH'S APPLIES ONLY TO MACKAY

REM AND MATSUGU.

DIA=SQR(Y(NEQL)/ . 785)

TNEW=DIA" (- .11)

ADJusT=TNEW TER\D

FOR | = 1 TO NEQ

AMTC(1)=AMTC (I)*ADJUST |
NEXT | |
TERM2=TNEW _ _ o

REM mhis i s the variable-wnd speed addition of Septenber 3, 1991.

| F wcrancE>XaRG GOTO 2970
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2830 IWIND=IWIND+1 _

2840 REM Check to see if the end of the table has been exceeded.
2850 | F mwinp<=1sTOPW GOTO 2880 .

2860 REM Reset |WND to the |oop-back index.

2870 IWIND=LBACKW

2880 WCHANGE=WCHANGE+HOURS1 (IWIND)

2881 REM Cal cul ate the new w nd-speed mass-transfer term
2890 WTERM2=(3600!*WS1(IWIND))".78

2891 REM Mul ti plg in the new and divide out the ol d.

2900 FOR | = 1 TO NEQ

2910 AMTC(I)=AMTC(I)*WTERM2/WIERM1

2920 NEXT 1

2921 REM Now the new becomes the ol d,

2930 WTERM1=WTERM?2 _ . .

2931 REM Cal cul ate the new wi nd-speed di spersion term

2940 WIERMF2=(1!+WS1(IWIND))"2

2941 REM Multiply in the new and divide out the old.

2950 FRACTS=FRACTS* WIERVF2/ WIERMFI

2951 REM Now the new becomes the ol d.

2960 WTERMF1=WTERMF2

2961 REM And finally calculate WNDS in knots for the nousse routine.
2962 WINDS=1 .944*WS1(IWIND)

2970 REM CHECK TO SEE |F THE | NTEGRATION |'S COVPLETE.

2980 IF X>X2 GOTO 3080

2990 X=XARG

3000 REM CHECK TO SEE |F THE FIRST NON-ZERO MOLES HAS FALLEN TO
3010 REM 0.01 OF ITS STARTING VALUE. |F IT HAS, RECALCULATE THE
3020 REM STEP SIZE ON THE NEXT NON-ZERO COVPONENT. NOTE THAT
3030 REM A COMPONENT |'S NOT ZERCED UNTIL | TS MOLE NUMBER HAS
3040 REM FALLEN TO LESS THAN 1.0E-08

3050 TEST=ABS( Y(NFAST)/’ YOLD)

3060 | F TEST<.01 GOTO 890

3070 GOTO 1470

3080 NDEL=NDEL~+1

3090 REM BEG N FINAL PRINT TO DI SK

3100 ICODE=4

3110 TMASS=0!

3120 FOR | = 1 TO NEQ

3130 YM(I)=Y(I)*AMWU(I)

3140 TMASS=TMASS+YM | )

3150 YM1(I)=YM(I)

3160 YM(I)=¥YM(I)/YMSAVE(I)

3170 NEXT |

3180 YM1(NEQLl)=Y(NEQl)

3190 GONE=TMASS/TSAVE

3200 CHECK=TMASS+Y(NEQ) +Y( NEQ)

3210 ZP=7*100

3220 PRINT %1, | CODE

3230 PRINT*1, NEQ,NDEL

3240 FOR | = 1 TO NEQ

3250 PRINT #1, YM(I),¥YM1(I)

3260 NEXT |
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3270 PRINT #1, X, GONE, Y(NEQL), ZP, WWEANS, TMASS
3280 PRI NT #1, Y(NEQ2),Y(NEQ3),CHECK,WS1(IWIND)
3290 CLOSE a1

3300 PRINT:PRINT"WEATHERING CALCULATI ON DoONE™
3310 PRI NT TIMES

3320 END

3330 REM TH S IS THE DERI VATI VE SUBRCUTI NE

3340 REM THE VECTOR BEI NG | NTEGRATED RESI DES I N YARG
3350 suM=0!

3360 FOR | = 1 TO NEQ

3370 SUM=SUM+YARG(I)

3380 NEXT 1

3390 FOR| =1 TONE

3400 REM CALCULATE THE MOLE DERI VATI VES

3410 TMPVP(I)=AMTC(I)*YARG(NEQL)*VP(I)*YARG(I)/SUM
3420 TMPDS(I)=DISPER*YARG(I)

3430 AKR(I)=TMPVP(I)+TMPDS(I)

3440 aK(I)=-aK(I)

3450 NEXT |

3460 voLz=0!

3470 FOR'1 = 1 TO NEQ

3480 VOLZ=VOLZ+YARG(I)/RHO(I)

3490 NEXT |

3500 REM CALCULATE THE AREA DERI VATI VE

3510 z=voLZ/YARG(NEQL)

3520 AKR(NEQL)=(540000! )*(Z"1. 33)*YARG(NEQL) “. 33
3530 AKR(NEQl)=SPREAD*AK(NEQL)

3540 REM CALCULATE THE MASS LOST FROM THE SLI CK DUE TO evaporaTION ALONE
3550 REM AND THEN DI SPERSI ON ALONE.

3560 AK(NEQ2)=0!

3570 AR(NEQ3)=0!

3580 FOR 1 =1 TO NEQ

3590 AK(NEQ3)=AK(NEQ3)+TMPVP (I)*AMWU(I)

3600 AK(NEQ2)=AK(NEQ2)+TMPDS (I)*AMWU(I)

3610 NEXT |

3620 FOR | = 1 TO NEQB

3630 ON I D GOTO 3640, 3660, 3680, 3700

3640 AK1(I)=AR(I)

3650 QOTO 3710

3660 aK2(I)=AK(I)

3670 GOTO 3710

3680 Ax3(I)=AK(I)

3690 QOTO 3710

3700 ARG (I)=AK(I)

3710 NEXT |

3720 RETURN

3730 REM TH' S |'S THE WATER- IN-O' L ( MOUSSE) SUBROUTI NE
3740 REM WIS THE FRACTI ON WATER CONTENT IN THE O L.
3750 REM WNDS |'S THE WND SPEED I N KNOTS.

3760 REM TIME IS IN HOURS AND IS THE VARI ABLE X.
3770 REM O 1S A VI SCOSI TY CONSTANT = 0. 65

3780 REM G2 1§ AN O L- COALESCI NG CONSTANT AND |'S O L DEPENDENT, AND IS



3790
3800
3810
3820
3830
3840
3850
3860
3870
3880
3890
3900
3910
3920
3930
3990
4000
4010
4020
4030
4040
4050
4060
4070
4080
4090
4100
4110
4120
4130
4140
4150
4160
4170
4180
4190
4200
4210
4220
4230
4240
4250
4260
4270
4280
4290
4291
4292
4293
4294
4295
4296
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REM THE | NVERSE OF THE MAXI MUM VAEI GHT FRACTI ON WATER IN O L.
REM ¢3 |'S A WATER INCORPORATION RATE (I/HR), USUALLY 0.001*UxU
REM THE PREDI CTI ON EQUATION FOR WIS IMPLICIT AND IS SOLVED BY
REM TRI AL AND ERROR

REM REFERENCE: CHAPTER 4 BY MACKAY IN OL SPILL PROCESSES AND MODELS
REM DECEMBER 1981

REM | ERR |'S THE ERROR CODE

REM IERR=1 | S A NORMAL EXI T, IERR=2 |S A PROBLEM IN THE TRI AL- AND- ERROR
REM ROUTI NE, IERR=3 | S A STEADY- STATE MOUSSE EXIT.

REM |F THE O L DOES NOT FORM MOUSSE, C2 WAS SET TO - 1.

| F c2>0! GOTO 3990

§E(IJV| NO MOUSSE FOR TH'S O'L, SET TERVMS AND RETURN

= |

VTERM=1

GOTO 4290

U2=WINDS*WINDS

C3=C4*U2

EX=C3*X

| F ExX>20! GOTO 4280

TEST=EXP(-EX)

§%¥ BRACKET THE TIME WTH TWD VALUES OF W

=y 1

Wax=1 ! /c2

WSTEP=WMAX/10 !

W=W+WSTEP

TRY=FNWF (W)

| F TRY<TEST GOTO 4150

| F w<wMAaX GOTO 4080

| ERR=2

GOTO 4180

REM NOW DO | NTERVAL HALVING TO FIND W

NTRY=0

WR=w

WL=W-WSTEP

W=(WR+WL) /2!

TRY=FNWF (W)

| F TRY<TEST GOTO 4230

WL=W

GOTO 4240

WR=W

NTRY=NTRY+1

| F NTRY<10 GOTO 4180

VTERM=FNXS (W)

GOTO 4290

IERR=3

REM There is no known algorithm for the de-watering of a mousse
REM when the wi nd decreases. Everything works here for a steady
REM or increasing wind speed. Cearly, water can be “beat” into
REM oi| - and then on standing some of the water will cone out.
REM However, until such experinents are conpleted and an

REM al gorithm derived, the mousse in this code will ratchet
REM i tsel f.
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4297 |F W< WCONTENT THEN W = WCONTENT
4298 WCONTENT = W

4299 RETURN

4300 END
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Appendi x C.  PRTCHAR Source Code Listing (Version of 2-11-92 @ 2111).

100 OPTI ON BASE 1

110
120
130
140
150
160
170
171
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
350
351
352
353
354
355
356
360
370
380
390
400
410
420
430
440
450
460
470
480
500
510
520
530
540
550

DEFINT |- N

REM THE FILE NAME | S PRTCHAR.BAS, JUNE 1985

REM TH'S PRINT ROUTINE PRINTS THE O L- CHARACTERI ZATI ON 80- COLUWN
REM OQUTPUT DI SK FI LE

DI M AMOLES(18),GMS(18),VP(18) ,TB(18),API(18),IMW(18)
TOF$=CHRS$ (12)

CPRT$="" PRTCHAR. BAS"

VSIONS$="2-11-92 2111"

CLS

PRINT: | NPUT" ' ENTER THE DI SK FILE NAME TO BE PRINTED '; PFYL3$
OPEN "I*,#1,PFYL3$

| NPUT #1, MWSCTH,TMES

| NPUT #1, DTES

| NPUT #1, CNAMES

| NPUT #|, CODENS

I NPUT #1, NCUTS

FOR 1 =1 TO NCUTS

| NPUT #1, AMOLES(I),GMS(I),VP(I),TB(I) ,API(I1),IMW(I)

NEXT 1

| NPUT #1, APIB,VISZ,KVK3, VK4

| NPUT #1, €2,Cl,C4,STEN

I NPUT #1, BBL, WIMOLE, DEGF

| NPUT #1, AK,BK

CLCSE #1

REM Read in the w nd-speed table information for docunentation
REM pur poses.

OPEN 1" #1,"ZYXWIND.ASC"

| NPUT #1, WPFYLS

I NPUT #l, IWS1l,IWS2,IWS3

CLOSE #1

LPRINT TOF$

LPRINT:LPRINT"OIL WEATHERING FOR ";CNAMES$

LPRINT: LPRINT" ' CODE NAME | S " ;CODENS;

LPRINT", PRI NTED BY ";CPRT$

LPRINT: LPRINT""RUN TIME | S ";TMES;

LPRINT" HOURS ON ";DTES$

LPRINT: LPRINT"" O L VOLUME (SPILL), BARRELS = *;

LPRINT USING"##.#%""""" ;BBL;

LPRINT", MEAN MOLE VEIGHT = *;

LPRINT USING"###";WIMOLE

LPRINT:LPRINT"TEMPERATURE = DEGREES F = “;

LPRI NT USING"###";DEGF

LPRINT: LPRINT' " THE W ND- SPEED TABLE CAME FROM THE FILE ";WPFYL$
LPRI NT" " THE STARTI NG WND ENTRY USED IS > *;IWSl
LPRINT"THE ENDI NG W ND ENTRY USED IS >>> ";IwWs2
LPRINT"THE LOOP BACK WND ENTRY | S >>>>> *;IWs3

LPRINT: LPRINT' " FOR THE OUTPUT THAT FOLLOAS, MOLES = GRaM MOLES’
LPRINT"GMS = GRaMS, VP = VAPOR PRESSURE | N ATMOSPHERES’

LPRINT"BP = BO LING PO NT IN DEGREES F, APl = GRAVITY”



560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990

LPRINT"MW = MOLECULAR WEI GHT”

LPRI NT: LPRI NT” CUT  MOLES eV VP BP
LPRINT" MW

FOR | = 1 TO NCUTS

LPRINT" ',

LPRINT USING"#%"; I;

LPRINT* “;

LPRINT USING"##.##""""" ;AMOLES(I) ;
LPRINT" “;

LPRINT USING"##.##""""" .GMS(I) :
LPRINT" “;

LPRINT USING s .#&""""" .yP(I);
LPRINT* “:

LPRINT USING"#s.##""""" .TB(I) :
LPRINT™ “:

LPRINT USING"##.#:""""" ;API(I) :
LPRINT" “;

LPRI NT USING"##.##""""" :IMW(I)
NEXT |

SPGRB=141.5/(APIB+131.5)

LPRI NT: LPRI NT" " BULK APl GRAVITY = *

LPRINT USING"###.#" ;APIB;

LPRINT", SPGR = “

LPRINT USING"#.##%" :SPGRB

LPRINT:LPRINT"RBULK CRUDE VI SCOSI TY, CENTIPO SE = “;
LPRINT USING"#=.#:""""" .V1SZ

LPRINT:LPRINT"VISCOSITY CONSTANT FOR FRACTI ON- O L- WEATHERED =

LPRINT USING"s# ## """ ;VK4

LPRINT:LPRINT"VISCOSITY-TEMPERATURE SCALI NG CONSTANT (ANDRADA) =

LPRINT USING"#=.#=""""" VK3

LPRINT:LPRINT"MAXIMUM FRACTION WATER IN O L ( MOUSSE)
LPRINT USING"#.##";C2

LPRINT:LPRINT"MOUSSE-VISCOSITY CONSTANT =

LPRINT USING"#.##";Cl

LPRINT: LPRINT"MOUSS%AVQTER-INCCRPCRATION RATE CONSTANT =
LPRI NT USING"##.## "L Ch

LPRINT:LPRINT"OIL/WATER SURFACE TENSI ON, DYNES/CM = *“:
LPRINT USING"s##. %" .STEN

LPRINT: LPRINT"DISPERSION CONSTANTS ARE: AK =

ARAAYL

LPRINT USING"#%.#% (AK:
LPRINT", BK = “: anan
LPRI NT USING"##.#8""""" .BK

LPRINT TOFS$
END

API" ;
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Appendi x D.  PRSRSLT Source Code Listing (Version of 9-26-92 @ 0828).

100 REM k ok kk*k

110 REM CODE NAME | S PRTRSLT.BAS

120 DIM Y(20), YMSAVE( 20), YM 20) ,YM1(20)

130 DI'M T(200), MOUSSE( 200) , FEVAP(200) ,FDISP(200),IFIVE(200),IFIFTY(200)
140 DI M DEVAP(200), RVASS(200)

150 REM Since everything cannot be printed nicely on one page, save the
160 REM mousse conposition, fraction evaporated, fraction dispersed,
170 REM the total mass, and the conposition indicies for the
180 REM second-page print.

190 REM N is the save counter.

200 N O

210 IDEL=0

220 1S=1

230 TOF$=CHR$(12)

240 REM Initialize the page counter.

250 IPAGE=1

260 REM Set the lines of data per page.

270 N36=36

280 REM Set the page counter swtch.

290 PSWITCH=N36

300 CODEN$='' PRTRSLT. BAS’

310 VRSON$="9-26-92 @ 0828"

320 OPEN “I”, #1, "0IL132.AsC"

330 INPUT #1, NEQ TSAVE, TME$

340 | NPUT #1, DTE$

350 FOR I = 1 TO NEQ

360 I NPUT #1, Y(I),YMSAVE(I)

370 NEXT |

380 REM FROM NOWNV ON READ AN | NPUT CODE WHERE:

390 REM ICODE = 1 MEANS NDEL IS TO BE READ NEXT,

400 REM | CODE = 2 MEANS H,NFAST | S TO BE READ NEXT,

410 REM | CODE = 3 MEANS X,

420 REM YM(I),¥YM1(I)

430 REM TMASS, Y(NEQ2) , Y( NEQB), CHECK, W NDS

440 REM GONE,Y(NEQl), ZP,WMEANS

450 REM W,VISCP,DISPER

460 REM WAREA, CSPGR, TBBL, WDI SP, ERATE ARE TO BE READ NEXT, AND
470 REM | CODE = 4 MEANS KEQ,NDEL

480 REM YM(I),YM1(I)

490 REM X,GONE,Y(NEQL) , ZP, WWEANS, TMASS

500 REM Y(NEQ) , Y(NEQB) , CHECK, W NDS ARE TO BE READ NEXT.

510 REM | CODE = 4 | S THE LAST READ.
520 REM Do an initial print.

530 GOSUB 1580

540 I NPUT #1, | CODE

550 ON | CODE GOTO 560, 590, 610, 1150
560 | NPUT #1, NDEL

570 IDEL=IDEL+NDEL

580 GOTO 540

590 I NPUT #1, H,NFAST
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600 GOTO 540

610 | NPUT #1, X,NEQ

620 FOR I=1 TO NEQ

630 | NPUT #1, YM(I),YM1(I)

640 NEXT |

650 NEQl=NEQ+l

660 NEQ2=NEQ+2

670 NEQ3=NEQ+3

680 INPUT #1, TMASS, Y(NEQR), Y(NEQB), CHECK, W NDS
690 | NPUT #1, GONE, Y(NEQL), ZP, WWEANS

700 | NPUT #1, W,VISCP,DISPER

710 | NPUT #1, WAREA,CSPGR,TBBL,WDISP,ERATE
720 LPRINT USING"##w#":X;

730 LPRINT" “;

740 LPRINT USING"##.#" ;WNDS ;
750 LPRINT" “;

760 LPRI NT usIiNg"#.##" ;GO ;
770 LPRINT" “;

780 LPRINT USING"#.##";CSPGR;
790 LPRINT" “:

800 LPRINT USING"s#.#""""" ;Y(NEQL) ;
810 LPRINT" “;

820 LPRI NT vUSING"##.#""""" .zp;
830 LPRINT" “;

840 LPRINT USING"###.#" ;WMEANS;
850 LPRINT" “;

860 LPRI NT USING"##.#""""" .yIsCP

870 REM Check the line counter, put 36 lines of data on one page, then
880 REM start over,

890 | F m<=PswITCH GOTO 960

900 REM Increment the page counter,

910 IPAGE=IPAGE+1

920 REM Now gu nt a page header.

930 GOSUB 1530 _

940 REM And increnment the page switch to get ready for the next one.
950 PSW TCH=PSWLTCH+N36

960 N=N+1

970 T)=x

980 MOUSSE(N)=W

990 FEVAP(N)=Y(NEQ3)/CHECK

1000 DEVAP(N)=Y(NEQ2)/CHECK

1010 REM Scale the mass remaining t0 metric tonnes.
1020 RMVASS( N) =TMASS/ | 000000

1030 FOR 1=1 TO NE

1040 I F w(1)>.05 O 1060

1050 NEXT |

1060 FOR J=I TO NE

1070 1 F w(@)>.5 0 1090

1080 NEXT J

1090 1=-1+IDEL

1100 J=J+IDEL

1110 1FIVE(N)=I



1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
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IFIFTY(N)=J

| F Is=2 GOTO 1280

GOTO 540

| NPUT #1,NEQ,NDEL

FOR 1-1 TO NEQ

[ NPUT #l, YM(I),¥M1(I)

NEXT |

NEQ1=NEQ+1

NEQ2=NEQ+2

NEQ3=NEQ+3

| NPUT #1, X, GONE, Y(NEQL), ZP, WWEANS, TMASS
| NPUT #l, Y(NEQ2),Y(NEQ3),CHECK,WINDS
CLCSE #1

| S-2

REM Do not do a final print if the last two times are the same.
| F XT(N) GOTO 720

REM Start the second set of output.
IPAGE=IPAGE+1

REM Print the new header.

GOSUB 1760

REM Reset the page counter swtch.
PSWITCH=N36

REM And start the print.

FORJ =1 TON

| F J<=PSWITCH GOTO 1430

REM I ncrement the page counter.

IPAGE=IPAGE+1

REM Print the header.

GOSUB 1760

REM And increment the page switch to get ready for the next one.

PSW TCH=PSW TCH+N36

LPRI NT USING"####";T(J);
LPRINT" *;

LPRI NT USING"#.##" ;MOUSSE(J);
LPRINT" *“;

LPRI NT USING"##.##""""" ;RMASS (J);
LPRINT" “;

LPRI NT USING"#.##" ;FEVAP(J);
LPRINT" “,

LPRI NT USING"#.##" ;DEVAP(J) ;
LPRINT" *“;

LPRINT USING"##" ;IFIVE(J);
LPRINT" *“;

LPRI NT USING"##" ; IFIFTY(J)

NEXT J

END

REM This subroutine prints the header for the first set of output.

LPRINT TOF$

LPRINT: LPRINT' " O L WEATHERI NG OUTPUT AT *";TMES;
LPRINT" HOURS ON ";DTE$;

LPRINT", Page “;

LPRINT USING"##";IPAGE
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1640 LPRI NT: LPRI NT' " CODE NAME |'S ";CODEN$

1650 vprInT:LPRINT*FOR CUTPUT BELOW THE FOLLOW NG NOTATI ON APPLI ES’
1660 LPRINT: LPRINT' " TIME IS HOURS'

1670 LerINT'WIND 1S THE W ND SPEED |IN METERS/ SECOND'

1680 rerInT*rrRACTION |S MASS FRACTI ON REMAI NI NG IN THE SLICK”

1690 rrrInT*sPeR |S THE SPEC FI C GRAVITY”

1700 vrrrINT"AREA |S THE SLI CK AREA | N METER*METER

1710 rerINT*THICKNESS Is THE SLI CK THI CKNESS IN CM

1720 verint*MoLE wT | S THE MEAN MOLECULAR VEI GHT oF THE SLICK"

1730 vrerINT*vISC IS THE VI SCOSI TY IN CP

1740 LPRINT: LPRINT " TIME WND FRACTI ON SPGR AREA TH CK MOLE wr  visce
1750 RETURN _ _

1760 REM Thi s subroutine prints the header for the second set of output.
1770 LPRINT TOF$

1780 vrprINT:LPRINT"OIL WEATHERI NG OUTPUT AT »;TMES;

1790 LPRINT" HOURS ON *:DTES;

1800 LPRINT", Page “;

1810 LPRINT USING"##";IPAGE

1820 LPRINT: LPRINT' " CODE NAME |S ";CoDEN$

1830 LPRINT

1840 vrerint"FOR THE OUTPUT BELOW THE FOLLOWN NG NOTATI ON APPLI ES

1850 LPRINT

1860 rprINT"TIME | S HOURS'

1870 vprinT"MOUSSE |S THE MASS FRACTI ON WATER IN THE O L + WATER'

1880 LPRINT'’ TOTAL-MASS IS THE METRIC-TON MASS OF OL IN THE SLICK’

1890 LPRINT"F-EVAP | S THE MASS FRACTION EVAPORATED | NTO THE ATMOSPHERE”
1900 LPRINT"F-DISP | S THE MASS FRACTION DI SPERSED | NTO THE WATER COLUWN'
1910 LPRINT*I |S THE FIRST CUT W TH GREATER THAN 5% ;

1911 LPRINT" OF I NI TIAL REMAI NI NG’

1920 LPRINT"J |S THE FI RST CUT W TH GREATER THAN 509% :

1921 LPRINT" OF I NI TIAL REMAI NI NG’

1930 LPRINT

1940 LPRINT:LPRINT"TIME MOUSSE TOTAL-MASS F- EVAP  F-DISP 1 J»
1950 RETURN
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Appendi x E:  WSPEED Source Code Listing (Version of 1-28-92 @ 2143).

100 REM ** %%

110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590

REM This Basic code is used to create a w nd-speed and time-duration
REM table or to edit an existing table. Editing features include
REM del etion, insertion, change or adding on of w nd-speed

REM and tine-duration data pairs.

DIM WS(1000) , HOURS( 1000) , ELAP(1000) ,C$(11)

C$(1)=nlu :C$(2)="2" :C$(3)'="3" :C$(4)="4" :C$(5>""5"

CS(6)="6" :CS(7)="7":C$ (8)="8" :C$(9)="9" :C$(10)="0"

C$(ll)="."

CODES="WSPEED.BAS"

VERS="1/28/92 @ 2143"

REM PFYLS is a tenporary file, do not use this name

PFYLS$="" WSRESULT. ASC’

REM PINC | S THE NUMBER OF ROAS OF | NFORVATI ON DI SPLAYED ON THE CRT.
PINC=10

CLS

PRINT: PRINT" " This utility code creates and/or edits w nd-speed and”
PRINT” tine-duration tables”

PRINT"for use in the oil-weathering code.”

PRI NT: PRINT"DO you want to edit(E) an existing table or”;

I NPUT” start(S) a new one";ANS

TEST$=LEFTS (ANS, 1)

| F TEST$="E" OR TEST$="e" GOTO 1420

| F TEST$="S" OR TEST$="s" GOTO 360

PRINT: PRINT" " You should enter ‘E for edit or 'S for start.

GOTO 290

CLS

REM THI'S STARTS A NEW TABLE.

PRI NT: INPUT"Enter an identification string for this table";WSID$
REM ECHO AND ASK |F THS IS OK

PRINT:PRINT"You entered: ";WSID$

PRINT:INPUT"Is thi s ok";ANS

TEST$=LEFT$( ANS, |)

| F TESTS$="Y" OR TESTS$="y" GOTO 490

| F TEST$="N" OR TEST$="n" GOTO 470

PRI NT: PRINT"Expected ye€S Of NO, re-enter."

GOTO 400

PRI NT: PRINT' ' Ok, re-enter it.”

GOro 380

CLS

PRINT: INPUT" " Are you entering knots(K), or meters(M per second";ANS$
TESTS=LEFTS (ANS,1).

SCODE=1

| F TEST$="M" OR TEST$="m" GOTO 600

REM This is the nultiplicative scale factor to convert knots

REM to neters per second

SCODE=.5144

| F TEST$="K" OR TESTS$="k" GOTO 600

PRINT: PRINT" " You did not enter K or M SO re-enter."

GOTO 490
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600 INDEX=0

610 INDEX= INDEX+1

620 PRI NT: INPUT"Enter a W nd speed (or stop)";aAN$

630 TESTS$=LEFTS$(ANS,1)

640 | F TEST$="S" OR TEST$="s" GOTO 1270

650 REM Now check to see that a keyboard finger-drag error has not occurred.
660 REM First get the length, or nunber of characters, in the input val ue.
670 L=LEN(ANS)

680 REM Now retrieve each character and check to see that it is a nunber
690 REM or a decimal point.

700 FOR I = 1 TO L

710 REM Retrieve the i-th character only.

720 V$=MID$(ANS,I,1)

730 REM Conpare this character with the nunbers stored as strings, and
740 REM al so the deciml point.

750 FORJ =1 TO 11

760 REM When a conparison is valid, it is ok, so loop out.

770 | F v§=C$(J) GOTO 980

780 NEXT J

790 REM At this point check to see if there is a mnus or plus sign
800 REM out front. This is ok but tell the user it is not necessary
810 REM and save them some tine,

820 TESTS$=LEFTS (ANS,1)

830 | F TESTS$="+" GOTO 860

840 | F TESTS$="-" GOTO 890

850 GOTO 920

860 BEEP

870 PRINT: PRINT" " You do not have to enter the + sign.”

880 GOTO 980

890 BEEP

900 PRINT: PRINT' " Negative signs do not nmake sense for wind speed.”
910 GOTO 960

920 REM Going all the way through this |loop means something is wong.
930 BEEP

940 PRINT:PRINT"It appears that the value entered is not a nunber,”;
950 PRINT” it is; " AN

960 PRINT:PRINT'' SO, re-enter this value.”

970 GOTO 620

980 NEXT 1I

990 WS(INDEX)=VAL(ANS)

1000 PRINT: INPUT'’Enter the duration, hours" .HOURS(INDEX)

1010 | F HOURS(INDEX)>0! GOTO 1050

1020 BEEP

1030 PRINT: PRINT' ' You entered zero(0) for the duration, SO re-enter."
1040 GOTO 1000

1050 ISTART=1

1060 ELAPSE=0!

1070 | F INDEX<PINC+1 GOTO 1140

1080 ISTART=INDEX-PINC+1

1090 REM CALCULATE THE ELAPSED TIME UP TO THE FI RST DI SPLAY.

1100 ISTOP=ISTART-1

1110 FOR I = 1 TO | STCP



1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
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ELAPSE=ELAPSE+HOURS (1)

NEXT |

CLS

PRINT:PRINT:PRINT"Row # Speed Dur ation Elasped"
FOR | = | START TO | NDEX

ELAPSE=ELAPSE+HOURS ()

PRI NT USING"#==";1;

PRI NT” “;

PRI NT USING"s=##.#" ;WS(I);

PRI NT” “;

PRI NT USING"##=.#" ;HOURS(I);

PRI NT” ",

PRI NT USING"###.#" ;ELAPSE

NEXT I

GOTO 610

PRI NT: PRINT" " End of wind-speed data entry.”
PRINT:INPUT"Now enter a file name for saving these data";PFYL$
REM TACK ON A ZERO FOR THE LAST W ND SPEED
WS (INDEX)=0

HOURS (INDEX)=0

OPEN "O",#1,PFYL$

PRI NT #1, WSID$

PRI NT #1,INDEX

FORI =1 TO | NDEX

REM SCALE THE WND SPEED TO METERS PER SECOND, IF NECESSARY.
WS(I1)=SCODE*WS (1)

PRI NT #1,WS(I),HOURS(I)

NEXT 1

CLOSE #1

END

REM THIS | S THE START oFTHE EDI T ROUTI NE
PRINT: PRINT' ' Enter the file nanme (with the drive letter”;
INPUT" if necessary)’’' ;PFYLS

OPEN “1”, #1, PFYLS

| NPUT #1, WSID$

| NPUT #1,INDEX

FOR 1 =1 TO | NDEX

I NPUT %1, WS(I),HOURS(I)

NEXT I

CLCSE #1

INDEX=INDEX-1

REM NOW DISPLAY THE FILE AND ASK FOR | NSERTI ON OR DELETIONS.
ELAPSE=0

REM THE DI SPLAY PRI NT | NCREMENT | S PIKC.
ELAP(1)=0

FOR J = 1 TO 50

KSTOP=PINC*J

KSTART=KSTOP-PINC+1

JOUT=1

| F INDEX>KSTOP GOTO 1640

KSTOP=INDEX

JauT=2
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1640 ELAPSE=ELAP(J)

1650 ¢LS

1660 PRI NT: PRI NT' ' Row # Knot s Dur at i on
1670 FOR K = KSTART TO KSTOP °
1680 ELAPSE=ELAPSE+HOURS(K)

1690 PRI NT USING"s#":K:

1700 PRI NT”

1710 PRI NT USING"#, & TWS(K) ;
1720 PRI NT”

1730 PRI NT USING“### #" S(K);
1740 PRI NT”

1750 PRI NT USING"# . av :ELAPSE
1760 NEXT K

1770 ELAP(J+1)=ELAPSE

1780 ON JOUT GOTO 1790, 2000

1790 PRI NT

1800 PRINT'Want to delete(D), insert(l), change(C,

1810 INPUT", or finish(£)";ANS$
1820 TEST$=LEFTS$(ANS, | )

1830 | F TEST$="D" OR TEST$="d" GOTO 1910
1840 | F TEST$="1" OR TEST$="i" GOTO 1940
1850 | F TEST$="G" OR TEST$="g" GOTO 2140
1860 IFTEST$="C" OR TEST$="c" GOTO 1970
1870 | F TEST$="F" OR TEST$="f" GOTO 2150

1880 PRINT:PRINT"You did not enter D, I, C, G or

1890 PRINT

1900 GOTO 1800

1910 REM THIS IS THE DELETE CALL.
1920 GOsUB 2410

1930 GOTO 1580

1940 REM THIS IS THE | NSERT CALL.
1950 GOSUB 2580

1960 GOTO 1580

1970 REM THI'S IS THE CHANCGE CALL.
1980 GOsUB 3020

1990 GOTO 1580

2000 PRINT

El apsed”

2010 INPUT"Want to delete(D), insert(l), change(C), add(A)

2020 TEST$=LEFT$(ANS, |)

2030 | F TEST$="D" OR TEST$="d" GOTO 1910
2040 | F TEST$="I" OR TEST$="i" GOTO 1940
2050 | F TEST$="A" OR TEST$="a" GOTO 2110
2060 | F TEST$="F" OR TEST$="£" GOTO 2150
2070 | F TEST$="C" OR TEST$="c" GOTO 1970

go(G on

or

F, please re-enter."

finish(F)";ANS

2080 PRINT:PRINT"You did not enter D, |, C A or F, please re-enter.”

2090 PRINT

2100 GOTO 2010

2110 REM THIS IS THE ADD CALL.
2120 GOSUB 2830

2130 GOTO 1580

2140 NEXT J

2150 CLS



2160 PRINT: PRINT'’ The identification string is: ";WSID$

2170 PRINT:INPUT"Do you want to change it";AN$

2180 TEST$=LEFT$(ANS, |)

2190 | F TESTS$="N" OR TEST$="n" GOTO 2250

2200 | F TEST$="Y" OR TEST$="y" GOTO 2230

2210 PRINT:PRINT"Expected yes Or no, re-enter.”

2220 GOTO 2160

2230 PRINT:INPUT" ' Enter the new identification string: ";WSID$
2240 GOTO 2160

2250 PRINT: PRINT'’ The edited file was saved as: ";PFYLSS;

2260 PRINT” on the default drive.”

2270 PRINT: PRINT' " Get back in DOS and rename it for your use.”
2280 PRINT:PRINT"Also, print a hard copy of your file using WSPRINT.BAS"
2290 OPEN “0'', ,#l1,PFYLSS

2300 REM TACK ON THE 0,0 ENTERY

2310 INDEX=INDEX+l

2320 WS(INDEX)=0!

2330 HOURS({INDEX)=0!

2340 PRI NT #1,WSID$

2350 PRI NT #1,INDEX

2360 FOR | =1 TO | NDEX

2370 PRI NT #1, WS(I),HOURS(I)

2380 NEXT I

2390 CLOSE #1

2400 END

2410 REM SUBRQUTINE TO DELETE AN ENTRY.

2420 PRI NT: INPUT"Enter the row nunber to be deleted";IDEL
2430 PRINT: PRINT' ' You entered ™;IDEL

2440 PRINT:INPUT"IS this correct, it should be on the screen ";AN$
2450 TESTS=LEFTS(ANS,1)

2460 | F TESTS$="Y" OR TESTS$="y" GOTO 2520

2470 | F TESTS$="N" OR TESTS$="n" GOTO 2500

2480 PRINT:PRINT"Expected yeS Or no, re-enter."

2490 GOTO 2430

2500 PRINT:PRINT" ' Ck, re-enter it.”

2510 GOTO 2420

2520 FOR ID=IDEL TO | NDEX

2530 WS (ID)=WS(ID+1)

2540 HOURS(ID)=HOURS(ID+1)

2550 NEXT |ID

2560 INDEX=INDEX-1

2570 RETURN

2580 REM SUBRQUTI NE TO | NSERT AN ENTRY. .
2590 PRINT: |INPUT 'Enter the row nunber that the insert follows";INS
2600 PRINT:PRINT"You entered";INS

2610 PRINT:INPUT"Is this correct, it should be on the screen ";AN$
2620 TESTS=LEFTS(ANS,1)

2630 | F TESTS="Y" OR TEST$="y" GOTO 2690

2640 | F TESTS$="N" OR TESTS$="n" GOTO 2670

2650 PRINT:PRINT"Expected yes Of NO, re-enter."”

2660 GOTO 2600

2670 PRINT: PRINT "Ck, re-enter it.”
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2680 GOTO 2590

2690 PRINT: INPUT"Enter the insert w nd speed, knots";WINS
2700 PRINT: INPUT 'Enter the insert duration, hours";HINS
2710 INS=INS+1

2720 REM THI'S LOOP MOVES THE TABLE ENTRIES DOWN BY ONE(I).
2730 JKOUNT=INDEX+1l

2740 FOR ID = INS TO | NDEX

2750 WS(JKOUNT)=WS(JKOUNT-1)

2760 HOURS (JKOUNT)=HOURS (JKOUNT-1)

2770 JKOUNT=JKOUNT- |

2780 NEXT 1D

2790 WS(INS)=WINS

2800 HOURS(INS)=HINS

2810 INDEX=INDEX+1

2820 RETURN

2830 REM SUBROUTI NE TO ADD SOVE DATA PAI RS

2840 PRINT:INPUT"Enter the nunber of w nd speeds to add";IADD
2850 PRINT:PRINT'’ You entered ";IADD

2860 PRINT:INPUT"Is this correct “ ;AN$

2870 TESTS=LEFTS(ANS,1)

2880 | F TESTS$="Y" OR TESTS="y" GOTO 2940

2890 | F TEST$="N" OR TEST$="n" GOTO 2920

2900 PRINT:PRINT"Expected yes or no, re-enter.”

2910 GOTO 2850

2920 PRINT: PRINT' ' Ck, re-enter it.”

2930 GOTO 2840

2940 FOR KL = 1 TO | ADD >

2950 INDEX=INDEX+1l

2960 PRINT: PRINT 'Enter the add-on wind speed”;

2970 PRI NT USING"##";KL;

2980 I NPUT": ™ ;WS(INDEX)

2990 PRI NT: INPUT"Enter the next duration’’' ;HOURS(INDEX)
3000 NEXT KL

3010 RETURN

3020 REM SUBROUTI NE TO CHANGE AN | NPUT DATA PAIR

3030 PRINT: INPUT" " Enter the row nunber to be changed *;LCHANGE
3040 PRINT:PRINT"You entered *;LCHANGE .
3050 PRINT:INPUT"Is this correct, it should be on the screen ° ;AN?
3060 TESTS=LEFTS(ANS,1)

3070 | F TESTS="Y" OR TESTS$="y" GOTO 3130

3080 | F TESTS="N" OR TESTS$="n" GOTO 3110

3090 PRINT:PRINT"Expected yes Or NO, re-enter."

3100 GOTO 3040

3110 PRINT:PRINT"Ok, re-enter it.”

3120 GOTO 3030

3130 PRINT: INPUT"Enter the new wind speed ' ;WSNEW

3140 PRI NT: INPUT"Enter the new duration";DURNEW

3150 PRINT: PRINT"You ent ered”;

3160 PRI NT USING"##*.#" /USNEW;

3170 PRINT" knots for “;

3180 PRI NT USING"###.#" ; DURNEW;

3190 PRINT" hours.”



3200 PRINT: INPUT"Is this correct “ ;AN$

3210 TEST$=LEFT$(ANS, |)

3220 | F TEST$="Y" GOTO 3260

3230 | F TEST$="y" GOTO 3260

3240 PRINT:PRINT"So, do it again, Or just duplicate what is there.”
3250 GOTO 3030

3260 WS (LCHANGE)=WSNEW

3270 HOURS (LCHANGE)=DURNEW

3280 RETURN

E-9



Form Approved

REPORT DOCUMENTATION PAGE OME No. 0704-0188

ubhc report: Ng burden 1or thuy tollecion ot information 1y estim ated to average t hour per response, including the Lime 1OF feviewing NI uCLIONS, SESTCAING PANTING Batla 5O
athering and maintaining the dala needed. and ¢completing e nd reviewsng the Collection of Information Send comments rn?Dammglms burden estimate or any other aspectc
otlection Of in 1armation, iNcluding suygestic.s tor reducing this burden td Washington Headguarters Services, Directoratefor inf ormanion Operations and Reports 1215 Jett

avis Highway, Suite 1204 Arhington, VA 222024302. and to the Ottice of Management and Budget. Paperwork Reduction Project (0704.0 188). washungton, DC 20503

AGENCY USE ONLY (Leaveblank) 1 2. REPORT DATE — REPORT TYPE AND DATE ERED
July 1992 1 Fi nal
~ TITLE AND SBTITLE T5. FUNDING NUMVBERS
Adaptation of the Mnerals Managenent Service's MMS Cont r act
Ol -Wathering Mdel for Use in the Gulf of 14-35-0001- 30537
Mexico Region
~AUTHOR( )

Bruce E. Kirstein

" PERFORM NG ORGANI ZATI ON NAME(S) AND ADDRESS(ES) 8. PERFORM NG G?GANI ZATION

. . . . REPORT  NUMBER
Chem cal & Process Engi neering Associ ates
3129 Hataca Road
Carlsbad, California 92009

. SPONSORING / MONITORING AGENCY NAVE(S) AND ADDRESS(ES) 10. SPONSORING /MONITORING
U.S. Departnent of the Interior AGENCY REPORT NUMBER
M neral s Management Service
Qul f of Mexico OCS Regional Ofice OCS St udy
1201 Elmwood Park Boul evard MMS  92-0023

New Ol eans, Louisiana 70123-2394

11.  SUPPLEMENTARY NOTES

This report includes personal-conputer codes and fjles on an
encl osed di skette.

12a. DISTRIBUTION/AVAILABILITY STATEMENT 12b. DI STRI BUTI ON CODE

Unlimted .

13. ABSTRACT (Maximum 200 words}

The M nerals Management Service's open-ocean, oi |l -weat hering nodel
has been extensively modified and adapted for wuse on a personal
comput er. The nodifications include the use of variable wind speed
as a function of tine as an environmental parameter. The assunption
governing equations, and algorithms are discussed to illustrate whit
oi | -weat hering processes are wind and/or temperature dependent. W r

speed information and sea-surface tenperatures for regions in the
@l f of Mmexico are provided so that the nodified nodel can be used
i mmedi ately. A selection of crude oils and petroleum products
produced in and shipped through the Gulf of MeXICO region are
provided as exanples of information required for nodel use. A

di scussion of crude oil and petroleum product information sources
is also presented. Detailed User's instructions on the use of the
model , exanples denonstrating the wuse of the nodel, and program
listings are provided here.

14. SUBJECT TERMS 15. NUMBEROF PAGES
oil weathering, physical properties, crude oil, 126
petrol eum products, nodel, environmental parameters 16. PRICE cooe

17. SECURITY CLASSIFICATION 16. SECURITY CLASSIFICATION | 19. SECURITY CLASSIFICATION [20. UMITATION OF ABSTI

OF REPORT OF THIS PAGE OF ABSTRACT
Uncl assified Uncl assified Unclassified UL
SN 7540-01- 280- 5500 Standard FOr m 298 (Rev2-

Prescn bed Dy ANSi Std 73Y. 18
2YB.102



As the Nation’s principal conservation
agency, the Department of the Interior has
responsibility for most of our nationally
owned public lands and natural resources.
This includes fostering the wisest use of our
land and water resources, protecting our
fish and wildlife, preserving the
environmental and cultural values of our
national parks and historical places, and
providing for the enjoyment of life through
outdoor recreation. The Department
assesses our energy and mineral resources
and works to assure that their development
is in the best interest of all our people. The
Department also has a major responsibility
for American Indian reservation communities
and for people who live inlsland Territories
under U.S. Administration.




